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TECHNICAL FT ELD OF THE INVENT TON 

The present invention relates to novel 
compounds which maintain, increase, or restore 
5 sensitivity of cells to therapeutic or prophylactic 

agents. This invention also relates to pharmaceutical 
compositions comprising these compounds. The compounds 
and pharmaceutical compositions of this invention are 
particularly well -suited for treatment of multi-drug 
10 resistant cells, for prevention of the development of 

multi-drug resistance and for use in multi-drug 
resistant cancer therapy. 

BACKGROUND OF THE INVENTION 

A major problem affecting the efficacy of 
15 chemotherapy is the evolution of cells which, upon 

exposure to a chemotherapeutic drug, become resistant 
to a multitude of structurally unrelated drugs and 
therapeutic agents. The appearance of such multi-drug 
resistance often occurs in the presence of 
20 overexpression of the 170 -kDA membrane P-glycoprotein 

(gp-170). The gp- 170 protein is present in the plasma 
membranes of some healthy tissues, in addition to 
cancer cell lines, and is homologous to bacterial 
transport proteins (Hait et al., Cancer CommunicaHnng , 
25 Vol. 1(1), 35 (1989); West, TIBS . Vol. 15, 42 (1990)). 
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The protein acts as an export pump, conferring drug 
resistance through active extrusion of toxic chemicals. 
Although the mechanism for the pump is unknown, it is 
speculated that the gp-170 protein functions by 
5 expelling substances that share certain chemical or 

physical characteristics, such as hydrophobicity, the 
presence of carbonyl groups, or the existence of a 
glutathione conjugate (see West) . 

Various chemical agents have been adminis- 

10 tered to repress multi-drug resistance and restore drug 
sensitivity. While some drugs have improved the 
responsiveness of MDR cells to chemo therapeutic agents, 
they often have been accompanied by undesirable 
clinical side effects (see Hait et al.). For example, 

15 although cyclosporin A ("CsA"), a widely accepted 

immunosuppressant, can sensitize certain carcinoma 
cells to chemotherapeutic agents (Slater et al., Br, J . 
Cancer . Vol. 54, 235 (1986)), the concentrations needed 
to achieve that effect produce significant immuno- 

20 suppression in patients whose immune systems are 

already compromised by chemotherapy (see Hait et al.) . 
Similarly, calcium transport blockers and calmodulin 
inhibitors both sensitize multi-drug resistant ( n MDR°) 
cells, but each produces undesirable physiological 

25 effects (see Hait et al .; Twentyman et al., Br. J. 

Cancer , Vol. 56, 55 (1987)). 

Recent developments have led to agents said 
to be of potentially greater clinical value in the 
sensitization of MDR cells. These agents include 

30 analogs of CsA which do not exert an immunosuppressive 

effect, such as 11 -meithyl- leucine cyclosporin (11 -met- 
leu CsA) (see Hait et al.; Twentyman et al.), or agents 
that may be effective at low doses, such as the 
immunosuppressant FK-506 (Epand and Epand, Ant i- Cancer 

35 Drug Design 6 . 189 (1991)). Despite these 



developments, the need remains for effective agents 
which may be used to resensitize MDR cells to 
therapeutic or prophylactic agents or to prevent the 
development of multi-drug resistance. 

SUMMARY OF THE TNVENTTON 

The present invention provides novel 
compounds that are useful to maintain, increase or 
restore drug sensitivity in multi-drug resistant 
("MDR") cells, compositions containing those compounds 
and methods for using them. The compounds of this 
invention may be used alone or in combination with 
other therapeutic or prophylactic agents to maintain, 
increase or restore the therapeutic or prophylactic 
effects of drugs in cells, especially MDR cells, or to 
prevent the development of MDR cells. According to one 
embodiment of this invention, these novel compounds, 
compositions and methods are advantageously used to aid 
or enhance chemotherapy regimens for the treatment or 
prophylaxis of cancer and other diseases. 

The present invention also provides methods 
for preparing the compounds of this invention and 
intermediates useful in those methods. 

DETAILED DESCRTPTT QN OF THB INVTiwr T nw 

This invention relates to a novel class of 
compounds characterized by the ability to prevent 
multi-drug resistance or to maintain, increase or 
restore drug sensitivity in multi-drug resistant 
(-MDR-) cells. More- particularly, these compounds are 
represented by the formula (I): 
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L 



wherein A is CH 2 , oxygen, NH or N- (C1-C4 alkyl) ; 
wherein B and D are independently: 

(i) hydrogen, Ar, (C1-C10) -straight or 
5 branched alkyl, (C2 -CIO) -straight or branched alkenyl 
or alkynyl, (C5-C7) -cycloalkyl substituted 
( CI -C6) -straight or branched alkyl, (C2 -C6) -straight or 
branched alkenyl or alkynyl, (C5-C7) - cycloalkenyl 
substituted (C1-C6) -straight or branched alkyl, 

10 (C2-C6) -straight or branched alkenyl or alkynyl, or Ar 

substituted { CI -C6) -straight or branched alkyl, 
(C2-C6) -straight or branched alkenyl or alkynyl 
wherein, in each case, any one of the CH 2 groups of 
said alkyl, alkenyl or alkynyl chains may be optionally 

15 replaced by a heteroatom selected from the group 

consisting of 0, S, SO, S0 2 , N, and NR, wherein R is 
selected from the group consisting of hydrogen, (Cl- 
C4) -straight or branched alkyl, (C2-C4) -straight or 
branched alkenyl or alkynyl, and (C1-C4) bridging alkyl 

20 wherein a bridge is formed between the nitrogen and a 

carbon atom of said heteroatom- containing chain to form 
a ring, and wherein said ring is optionally fused to an 
Ar group; or 



(ii) 
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25 
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wherein Q is hydrogen, (C1-C6) -straight or 
branched alkyl or (C2-C6) -straight or branched alkenyl 
or alkynyl; 

wherein T is Ar or substituted 5-7 membered 
cycloalkyl with substituents at positions 3 and 4 which 
are independently selected from the group consisting of 
oxo, hydrogen, hydroxyl, o- (C1-C4) -alkyl, and 

0- (C2-C4) -alkenyl; 

wherein Ar is a carbocyclic aromatic group 
selected from the group consisting of phenyl, 

1- *aphthyl, 2-naphthyi, indenyl, azulenyl, fluorenyl 
anthracenyl, and mono and bicyclic heterocyclic ring' 
systems with individual ring sizes being 5 or 6 which 
may contain in either or both rings a total of 1-4 
heteroatoms independently selected from oxygen 
nitrogen, and sulfur. - such ring systems include 
heterocyclic aromatic groups selected from the group 
consisting of 2-furyl, 3 - f uryl , 2 - thienyl , 3-thienyl, 
2-pyradyl, 3-pyridyl, 4-pyridyl, pyrrolyl. oxazolyl 
thiazolyl, imidazolyl, pyraxolyl, 2-pyrazolinyl, 
pyrazolidinyl, isoxazolyl, isotiazolyl, 1,2 3- 
oxadiazolyl, 1,2,3-triazolyl, 1,3,4-thiadiazolyl 
pyradazinyl, pyrimidinyl, pyrazinyl, 1, 3, 5-triazinyl 
1,3,5-trithianyl, indolizinyl, indolylo. isoindolyl ' 
3H-indolyl, indolinyl, benzo [bj f uranyl , benzofb] thio- 
phenyl, IH-indazolyl, benzimidazolyl , benzthiazolyl 
purinyl, 4H-quinolizinyl, quinolinyl, isoquinolinyl ' 
cinnolinyl, phthalazinyl , quinazolinyl, quinoxalinyl 
1,8-naphthyridinyl, pteridinyl. carbzaolyl, acridinyl 
phenazinyl , phenothiazinyl , and phenoxazinyl,- ' 

wherein Ar may contain one to three substituents 
which are independently selected from the group 
consisting of hydrogen, halogen, hydroxyl, nitro 
trifluoromethyl, trifluoromethoxy, (C1-C6) -straight or 
branched alkyl, (C2-C6) -straight or branched alkenyl 
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0- (CI- C4) -straight or branched alkyl, 
0-(C2-C4) -straight or branched alkenyl, O-benzyl, 
O-phenyl, 1,2-methylenedioxy, amino, carboxyl, N- (Cl- 
C5-straight or branched alkyl or alkenyl) carboxamides, 
N,N-di-(Cl-C5-straight or branched alkyl or C2-C5- 
straight or branched alkenyl) carboxamides, 
N-morpholinocarboxamide, N-benzylcarboxamide, 
N- thiomorpholinocarboxamide , N-picolinoylcarboxamide , 
O-X, CH 2 -(CH 2 ) q -X, 0-(CH 2 ) q -X, (CH 2 > q -0-X, and CH=CH-X; 
wherein X is 4 -methoxyphenyl , 2-pyridyl. 3-pyridyl, 
4-pyridyl, pyrazyl, quinolyl, 3, 5-dimethylisoxazoyl, 
isoxazoyl, 2 -methyl thiazoyl, thiazoyl, 2-thienyl, 
3-thienyl, and pyrimidyl, and q is 0-2; 

e, wherein L is either hydrogen or U; M is either 
oxygen or CH-U, provided that if L is hydrogen, then M 
is CH-U or if M is oxygen then L is U; 

wherein U is hydrogen, 0- (CI- C4) -straight or 
branched alkyl or 0- (C2-C4) straight or branched 
alkenyl, (C1-C6) -straight or branched alkyl or 
(C2-C6) -straight or branched alkenyl, 
(C5-C7)-cycloalkyl or (C5-C7) - cycloalkenyl substituted 
with (CI- C4) -straight -or branched alkyl or 
(C2-C4) -straight or branched alkenyl, [ (C1-C4) -alkyl or 

(C2-C4) -alkenyl] -Y or Y; 

wherein Y is selected from the group consisting of 
phenyl, 1-naphthyl, 2-naphthyl, indenyl, azulenyl, 
fluorenyl, anthracenyl, 2-pyrrolinyl, 3-pyrrolinyl, 
pyrolidinyl, 1, 3-dioxolyl, 2-imidazolinyl, 
imidazolidinyl, 2H-pyranyl, 4H-pyranyl, piperidyl, 1,4- 
dioxanyl , morpholinyl , -1, 4-dithianyl ,. thiomorpholinyl , 
piperazinyl, quinuclidinyl, and heterocyclic aromatic 
groups as defined above; 

where Y may contain one to three substituents 
which are independently selected from the group 
consisting of hydrogen, halogen, hydroxyl, nitro, . 
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trifluoromethyl, trif luoromethoxy, (C1-C6) -straight or 
branched alkyl, (CI -C6) -straight or branched alkenyl, 
0- (CI- C4) -straight or branched alkyl, 
0-(C2-C4) -straight or branched alkenyl, O-benzyl, 
O-phenyl, 1, 2-methylenedioxy, amino, and carboxyl; 

wherein J is hydrogen, (C1-C2) alkyl or benzyl; K 
is ( CI -C4) -straight or branched alkyl, benzyl or 
cyclohexylmethyl, or wherein J and K may be taken 
together to form a 5-7 membered heterocyclic ring which 
may contain a heteroatom selected from the group 
consisting of O, s, SO and S0 2 ; and 
wherein m is 0-3. 

The stereochemistry at positions 1 and 2 
(formula I) may be independently R or S. 

Preferably, at least one of B or D is 
independently a straight chain terminated by an aryl 
group, i.e., a group represented by the formula - (CH~) - 
(XN (CH 2 ) S -Ar, wherein r 
r is 0-4; 
20 s is 0-1; 

Ar is as defined above; and 
each X is independently selected from the 
group consisting of CH 2 , 0, S, SO, S0 2 , N, and MR, 
wherein R is selected from the group consisting of 
25 hydrogen, (Cl -C4) -straight or branched alkyl, (C2-C4) - 

straight or branched alkenyl or alkynyl, and (C1-C4) 
bridging alkyl wherein a bridge is formed between the 
nitrogen atom and the Ar group. 

According to one embodiment of this 
30 invention, the heterocyclic aromatic groups .are 

selected from the group consisting of furan, thiophene, 
pyrrole, pyridine, indolizine, indole, isoindole, 
benzo [b] furan, benzo [b] thiophene, 4H-quinolizine,' 
quinoline, isoguinoline. 1,2,3,4-tetrahydroquinoline, 
35 isoxazole, and 1,2^3, 4-tetrahydroisoquinoline. 
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According to another embodiment of this 
invention, at least one of B or D is selected from the 
group consisting of (C2 -CIO) -straight or branched 
alkynyl, (C5-C7) -cycloalkyl substituted (C2-C6)- 
5 straight or branched alkynyl, (C5-C7) -cycloalkenyl 

substituted (C2-C6) -straight or branched alkynyl, and 
Ar substituted (C2-C6) -straight or branched alkynyl. 

Also within the scope of this invention are 
compounds of formula (I) , wherein at least one of B or 

10 D is selected from the group consisting of Ar 1 , Ar*- 
substituted (C1-C6) -straight or branched alkyl, and 
Ar ' -substituted (C2-C6) -straight or branched alkenyl or 
alkynyl; wherein Ar' is an Ar group substituted with 
one to three substituents which are independently 

15 selected from the group consisting of N-( straight or 

branched C1-C5 alkyl or C2-C5 alkenyl) carboxamides, 
N,N-di-( straight or branched C1-C5 alkyl or C2-C5 
alkenyl) carboxamides, N-morpholinocarboxamide, N- 
benzylcarboxamide, N-thiomorpholinocarboxamide, N-pico- 

20 linoylcarboxamide, O-X, CH 2 -(CH 2 ) q -X, 0-(CH 2 ) q -X, (CH 2 ) q 

-O-X, and CH=CH-X; wherein X is 4-methoxyphenyl, 2-pyr- 
idyl, 3-pyridyl, 4-pyridyl, pyrazyl, quinolyl, 3,5-di- 
methylisoxazoyl, isoxazoyl, 2-methylthiazoyl, thiazoyl, 
2-thienyl, 3-thienyl, and pyrimidyl, wherein q is 0-2. 

25 Examples of some preferred compounds of 

formula (I), wherein J and K are taken together to form 
a 5-7 membered heterocyclic ring, are shown in Table 1 
and are further illustrated in the examples herein.* 



* It should be understood that with respect to the 
3 0 aspects of this invention relating to the use of 

compounds described herein in compositions or methods 
for treating or preventing multi-drug resistance, those 
compounds are represented by formula (I) , as defined 
above. With respect to the aspect of this invention 
35 relating to the novel compounds described herein, those 
compounds are represented by formula (I) , as defined 
above, except" that B and D can not be hydrogen. 
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Cpd . I n 
~ I 1 



3 
4 

5 

6 

7 

8 



2 
2 
2 

2 

2 

2 



0 
0 
0 
0 

0 

0 

0 



9 
10 
11 
12 
13 
14 
15 

16 

17 

18 



2 

2 

2 

2 

2 

2 

2 

2 

2 

2 



0 
0 

0 

0 

0 

0 

0 
1 
0 
0 



3-<Pyridin-2- 
yl) propyl 

3-Phenylpropyl 

3 -Phenoxyphenyl 

Phenyl 

Phenyl 

2-^Pyridin-2- 
yl) ethyl 

S-3- (trans- (4- 
Hydroxycyclo- 
hexyl) ] -2-methyl- 
eth-2-enyl 

3- (Pyridin-3- 
yl) propyl 

Benzyl 

Benzyl 

2-Phenylethyl 

2-<4-Methoxy- 
phenyl) ethyl 

2-(4-Methoxy- 
phenyl) ethyl 

3- (N-benzimida- 
zolyl) propyl 

Benzyl 

3-(4-Methoxy- 
phenyl) propyl 

3- (Pyridin-3-yl) - 
propyl 



3-Phenylpropyl 
3-Phenylpropyl 
3 -Pheny lpr opy 1 

2- Phenoxyphenyl 

3- Phenylpropyl 
3 -Pheny lpr opy 1 
3-Phenylpropyl 

3-Phenylpropyl 

3 -Pheny Ipropyl 

3- (3- 
indolyl) propyl 

3-Phenylpropyl 
3-Phenylpropyl 
3-Phenylpropyl 
3-Phenylpropyl 
2-Phenylethyl 
3-Phenylpropyl 
3-Phenylpropyl 



Ar 

3,4,5- 
Triinethoxyphenyl 

3,4,5- 
Triznethoxyphenyl 

3,4,5*- 
Trimethoxyphenyl 

3,4,5- 
Trimethoxyphenyl 

3,4,5- 
Trimethoxyphenyl 

3,4,5- 
Trimethoxyphenyl 

3,4,5- 
Trimethoxyphenyl 



3,4,5- 
Trimethoxyphenyl 

3,4,5- 
Trimethoxyphenyl 

3,4,5- 
Trimethoxyphenyl 

3,4,5- 
Trimethoxyphenyl 

3,4,5- 
Trimethoxyphenyl 

Phenyl 

3,4,5- 
Tr imethoxyphenyl 

3,4,5- 
Trimethoxyphenyl 

3,4,5- 
Trimethoxyphenyl 

Phenyl 
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0 I 3- (Pyriain-2-yl ) - 
propyl 

0 I 3-<Pyridin-2-yl>- 
propyl 

0 I 3-<Pyridin-2-yl>- 
propyl 

0 3-<Pyridin-2-yl>- 
propyl N-oxide 

0 I 3-[N-<7- 

azaindolyl) -propyl | 

0 3- (Pyridin-3-yl) - 
propyl 

0 | 3-<N- 

Purinyl) propyl 

0 | 3-<4- 

Hydr oxymethy 1 - 
phenyl) propyl 

0 I 3-<Pyridin-3-yl)- 
propyl 

0 I 3-<Pyridin-3-yl>- 
propyl 

0 j 3-<Pyridin-3-yl>- 
propyl 

0 I 3 - ( Thiophen-2 -y 1 ) - 
propyl 

0 | 3-<4-Carboxyphen- 
yl) propyl 

0 I 3-Phenylbutyl 

0 j 2-Hydroxyxnethyl- 
phenyl 

0 J 2-Allyloxyphenyl 

0 3-<3-Hydroxymeth- 
ylphenyl) propyl 

0 I 3-(3-Carboxyphen- 
yl) propyl 

0 I 3-Hydroxymethyl- 
phenyl 

0 I 2-Hydroxyphenyl 
0 Pyridin-3-yl 



0 I 3-<Thiopen-2-yl)- 
propyl 

0 I 5-Phenylpentyl 



3-Phenylpropyl 

3-Phenylpropyl 

3-Phenylpropyl 

3-Phenylpropyl 

3-Phenylpropyl 

3-(4- 
Methoxypheny 1 ) prop 

yi 

3-Phenylpropyl 
3-Phenylpropyl 

3-Phenylpropyl 
3-Phenylpropyl 
3-Phenylpropyl 
3-Phenylpropyl 
3 -Pheny lpr opy 1 . 
3-Phenylpropyl 
3-Phenylpropyl 
3-Phenylpropyl 
3-Phenylpropyl 
3-Phenylpropyl 
3-Phenylpropyl 
3-Phenylpropyl 
3-Phenylpropyl 
4-Phenylbutyl 
3-Phenylpropyl 



3,4,5- 
Trixnethoxyphenyl 

tert -Butyl 



3,4,5- 
Trimethoxyphenyl 

3,4,5- 
Trimethoxyphenyl 

3,4,5- 
Trimethoxyphenyl 



3,4,5- 
Trimethoxyphenyl 

3,4,5- 
Trimethoxyphenyl 

3 -Benzy loxypheny 1 

3-Allyloxyphenyl 

3-Isopropoxyphenyl | 

3,4,5- 
Trimethoxyphenyl 

3,4,5- 
Trimethoxyphenyl 

3,4,5- 
Trimethoxyphenyl 

3,4,5- 
Trimethoxyphenyl 

3,4,5- 
Trimethoxyphenyl 

3,4,5- 
Trimethoxyphenyl 

3,4,5- 
Trimethoxyphenyl 

3,4,5- 
Trimethoxyphenyl 

3,4,5- 
"Trimethoxyphenyl 

3,4,5- 
Trimethoxyphenyl 

3,4,5- 
Trimethoxyphenyl 

3,4,5- 
Trimeth xyphenyl 
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No . 



Ar 



42 



43 



44 



45 

46 | 2 | 0 

47 | 2 | 0 

48 I 2 I 0 



49 

50 
51 
52 

53 
54 

55 

56 



2 
2 
2 



0 
0 
0 



57 



58 



59 



3 - Al 1 y 1 oxypr opy 1 

3-[4-<N,N- 
Dimethyl- 
aminecarbonyl) - 
phenyl ] propyl 

3- I 4- (Morpholine- 
4- 

carbony 1 ) phenyl ) - 
propyl 

4 - Allyoxybutyl 

3 - Al ly 1 oxypr op - 1 - 
ynyl 

3- [4- (Piperidine- 
1- 

carbonyl) phenyl) - 
propyl 

5 -Al lyloxynony 1 
Methyl 

2 - Al lyloxye t hyl 

3- Allyloxy- <£) - 
prop-l-enyl 

3- f 3- (Morpholine- 
4- 

carbonyl) phenyl] - 
propyl 

Dec-9-enyl - 

3-I4-(N-Benzyl- 
aminecarboriyl) - 
phenyl] propyl 

3- [4- {Thiomorpho- 
line -4 -carbonyl) - 
phenyl] propyl 

3- (Morpholine-4- 
carbonyl ) phenyl- 
propyl 

3-r4-(l-Methyl 
piperazine-4- 
carbon- 
y 1 ) phenyl ] propyl 

3-[4-d-Benzylpip- J 
erazine-4-carbon- 
yl) phenyl] propyl 

3-[3-<N-Benzyl- 
aiuine carbonyl) - 
phenyl ] propyl 



3-Phenylpropyl 
3 -Phenylpropyl 

3 -Pheny lpropy 1 

3 -Pheny lpropy 1 
3-Phenylpropyl 
3-Phenylpropyl 

3 -Pheny lpropyl 

3,5-Bis (benzyl- 
oxy) phenyl 

3 -Pheny lpropy 1 
3-Phenylpropyl 
3-Phenylpropyl 

3-Phenylpropyl 
3 -Phenylpropyl 

3-Phenylpropyl 

3 -Pheny lpropy 1 

3 -Pheny lpropy 1 

3-Phenylpropyl 
3 -Pheny lpropy 1 



3,4,5- 
Trimethoxyphenyl 

3,4,5- 
Trimethoxyphenyl 



3,4,5- 
Triroethoxyphenyl 



3,4,5- 
Trimethoxyphenyl 

3,4,5- 
Trimethoxyphenyl 

3,4,5- 
Trimethoxyphenyl 



3,4,5- 
Trimethoxyphenyl 

3,4,5- 
Trimethoxyphenyl 

3,4,5- 
Trimethoxyphenyl 

3,4,5- 
Trimethoxyphenyl 

3,4,5- 
Trimethoxyphenyl 



3,4,$- 
Trimethoxyphenyl 

3,4,5- 
Trimethoxyphenyl 

3,4,5- 
Trimethoxyphenyl 

3,4,5- 
Trimethoxyphenyl 

3,4,5- 
Trainethoxyphenyl 



3,4,5- 
Trimethoxyphenyl 

3,4,5- 
Triroethoxyphenyl 
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NO . 


n 


m 


B 


D 


Ar 


60 


2 


0 


3- 1 4- (N-Pyridin-2- 
ylaminecarbonyi) - 
phenyl) propyl 


3-Phenylpropyl 


3,4,5- 
Trimethoxyphenyl 


61 


2 


0 


Pryidin-3-yl 


3- (Pyridin-3-yl) - 
propyl 


3,4,5- 
l r iioet.no Ay jji«^**y * 


62 


2 


0 


Prop-2-enyl 


3, 4 -Bis- (Pyridin - 
4 -ylmethoxy ) phenyl 


3,4,5- 

Trxmetnoxypnenya 


63 


2 


0 


Pyridin-3-yl 


3- (Pyridin-4-yl- 
methoxy) phenyl 


3,4,5- 


64 


2 


0 


3-Phenylpropyl 


3-(Pyridin-4-yl- 
methoxy) phenyl 


3,4,5- 
Trimethoxyphenyl 


65 


2 


0 


3-Phenylpropyl 


3,4-Bis-(Pyridin- 
4-ylmethoxy ) phenyl 


3,4,5- 
Trimethoxyphenyl 


66 


2 


0 


Methyl 


3,4-Bis-(Pyridin- 


3,4,5- 






4— vlmethoxv) Dhenvl 


Trimethoxyphenyl 


67 


2 


0 


3-Phenylpropyl 


2,3,4-Tris- 
(Pyridin-4- 

>. l — hnvi; \ nhpnvl 
yxxneuiioxy t 


3,4,5- 
T r ime t hoxjjpheny 1 


68 


2 


0 


3-Phenylpropyl 


3- (Morpholine-4- 
carbonyl) -4- 

ylmethoxy) phenyl 


3,4,5- 
Trimethoxyphenyl 


69 


2 


0 


Methyl 


Of n , J it" 

(Pyridin-4- 
ylmethoxy ) phenyl 


3,4,5- 
Trimethoxyphenyl 


70 


2 


0 


3-Phenylpropyl 


3.4-5-Tris- 
(Pyridin-4- 
ylmethoxy) phenyl 


3,4,5- 
Trimethoxyphenyl 


71 


2 


0 


Methyl 


4 -ylmethoxy) phenyl 


3,4,5- 
Trimethoxyphenyl 


72 


2 


0 


3, 5-Bis- (Pyridin- 

4 — 

vlmethoxv) ohenyll 


Methyl 


3,4,5- 
Trimethoxyphenyl 


73 


2 


0 


Methyl 


3 r 5-Bis- (Pyridin- 
4-ylmethoxy) -4- 
methyl -phenyl 


3,4,5- 
Trimethoxyphenyl 


74 


2 


0 


Ethyl 


3,4,5-Tris- 
<Pyridin-4- 
yljnethoxy) phenyl 


3,4,5- 

Trimethoxyphenyl 


75 


2 


0 


3,4,5-Tris- 


Ethyl 


3,4,5- 
Trimethoxyphenyl 






{Pyridin— 4— 
ylmethoxy) phenyl 




76 


2 


0 


Methyl 


3,4,5-Tris- 


- 3,4,5- 






(Pyrazin-2- 
yjjnecnoxy j pnenyx 


Trimethoxyphenyl 


77 


2 


0 


Methyl 


3,4,5-Tris- 


3,4- 






(Pyridin-4- 
ylmethoxy ) phenyl 


Dimethoxyphenyl 


78 


2 


0 


Ethenyl 


3, 4,5-Tris- 


3,4,5- 








(Pyridin-4- 
ylmethoxy ) phenyl 


Trimethoxyphenyl 
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NO . 

79 



80 



81 



82 



83 



84 



85 



86 



87 



88 



3, 4, 5-Tris- 
(Pyridin-4- 
ylmethoxy ) phenyl 

Propyl 



3, 4,5-Tris- 
(Pyridin-4- 
ylmethoxy ) phenyl 



Methyl 



3,4,5-Tris- 
(Thiophen-3- 
ylmethoxy ) phenyl 



Methyl 



2 | 0 | 2-Isopropoxy-3, 4- 
Bis- (Pyridin-4- 
ylmethoxy) -phenyl 

Methyl 



3,4, 5-Tris- 
<Pyridin-4- 
ylmethoxy ) phenyl 

Methyl 



89 j 2 j 0 1 Benzyloxymethyl 

90 I 2 I 0 | Methyl 

91 I 2 | 0 | 3-Phenylpropyl 

92 | 2 | 0 | 3-<Pyridin-3-yl- 
carbonyl ) phenyl 

93 | 2 | 0 | 3-Phenylpropyl 

94 | 2 | 0 | 3-Phenylpropyl 

95 | 2 | 0 | 3-Phenylpropyl 

96 | 2 | 0 | 3-Phenylpropyl 

97 | 2 | 0 | 3-Phenylpropyl 



Ethenyl 



3, 4, 5-Tris- 
(Pyridin-4- 
ylmethoxy ) phenyl 

Propyl 



3, 4, 5-Tris- 
(Thiophen-3- 
ylmethoxy ) phenyl 

Methyl 



2-lsopropoxy-3, 4- 

Bis- (Pyridin-4- 
ylmethoxy) -phenyl 

Methyl 



3,4, 5-Tris- 
(Pyridin-4- 
y lme thoxy ) phenyl 

Methyl 



3, 4,5-Tris- 
{Pyridln-4~ 
ylmethoxy ) phenyl 

Be n zy 1 oxyphenyl 



3,4,5-Tris- 
(Benzyl-oxy) phenyl 

3- (Pyridin-3-yl- 
carbony 1 ) phenyl 

3 -Pheny lpropyl 

3- ( Pyridin- 4 -yl- 
methoxy ) phenyl 

3- (Pyridin-4-yl- 
carbonyl ) phenyl 

3- (Pyridin-4-yl- 
c a rbonyl) phenyl 

3- (Pyridin-4-yl- 
carbonyl) phenyl 

3-<Pyridin-4-yl- 
carbonyl) phenyl 



Ar 

3,4,5- 
Trimethoxyphenyl 

3,4,5- 
Trimethoxyphenyl 



3,4,5- 
Trimethoxyphenyl 

3,4,5- 
T r imethoxypheny 1 



3,4,5- 
Triroethoxyphenyl 

3,4,5- 
Trimethoxyphenyl 



3,4,5- 
Trimethoxyphenyl 

3,4,5- 
Trimethoxyphenyl 



3,4,5- 
T r imethoxypheny 1 

3,4,5- 
Trimethoxyphenyl 

3,4,5- 
Trimethoxyphenyl 

3,4,5- 
Trimethoxyphenyl 

3,4,5- 
Trimethoxyphenyl 

3,4,5- 
Trimethoxyphenyl 

3,4- 
Dimethoxyphenyl 

4-Benzyloxy-3, 5- 
di-methoxyphenyl 

4~Allylyoxy-3, 5- 
di -me t hoxyphe ny 1 

3-Benzyloxy-4- 
methoxyphenyl 

3-Allyloxy-4- 
methoxyphenyl 



wo 
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No . 


n 


m 


B 


D 


Ar 


98 


2 


0 


3-Phenylpropyl 


3 — (Pyridin— 4— yl- 
carbony 1 ) phenyl 


prop-2-enyl) -4- 
methoxyphenyl 


99 


2 


0 


3-Phenylpropyl 


4- (Pyridin-4-yl- 
carbonyl ) phenyl 


4-Benzyloxy-3, 5- 
di-met hoxypheny 1 


100 


2 


0 


3 -Pheny lpr opy 1 


4- (Pyridin-4-yl- 
carbonyl ) phenyl 


3-Benzyloxy-4- 
methoxyphenyl 


101 


2 


0 


3-Phenylpropyl 


3- (Pyridin-4-yl- 
carbonyl) phenyl 


3,4,5- 
Trimethoxyphenyl 


102 


2 


0 


3-Phenylpropyl 


3- (Pyridin-4-yl- 
carbonyl ) phenyl 


3,4- 
Dimet hoxypheny 1 


103 


2 


0 


3-Phenylpropyl 


Phenyl 


3-Benzyloxy-4- 
methoxyphenyl 


104 


2 


0 


3-Phenylpropyl 


Phenyl 


4-Benzyloxy-3, 5- 
di — me t hoxypheny 1 


105 


1 


0 


3-<Pyridin -3-yl)- 

nrftnvl 
pi: op y a 


3-Phenylpropyl 


tert -Butyl 


106 


2 


0 


3-<Pyridin -3-yl)- 


3- (Pyridin-3-yl) - 
nroovl 


3,4,5- 
Trimethoxyphenyl 


107 


1 


0 


Ben zy 1 oxymethy 1 


Benzyloxyphenyl 


3,4,5- 


108 


1 


0 


3-<Pyridin -3-yl)- 
propyl 


3- (Pyridin-3-yl) - 
propyl * 


3,4,5- 
Trimethoxyphenyl 


109 


2 


0 


3-<Pyridin -3-yl)- 
propyl 


3- <Pyridin-3-yl) - 
propyl 


Isopropyl 


110 


2 


0 


3-(Pyridin -3-yl)- 
propyl 


3-<Pyridin-3-yl)- 
propyl 


Thiophen-2-yl 


111 


2 


0 


3-(Pyridin -3-yl)- 
propyl 


3- (Pyridin-3-yl)- 
propyl 


3,4- 
Methylenedioxy- 
phenyl 


112 


2 


0 


3-<Pyridin -3-yl)- 
prop-2-ynyl 


3- (Pyridin-3-yl) - 
prop-2-ynyl 


3,4- 
Methylenedioxy- 
phenyl 


113 


2 


0 


3-(Pyridin -3-yl)- 
prop-2-ynyl 


3-<Pyridin-3-yl)- 
prop-2-ynyl 


3,4,5- 
Trimet hoxypheny 1 


114 


2 


0 


3-(Pyridin -2-yl)- 
propyl 


3- (Pyridin-2-yl) - 
propyl 


3,4,5- 
Trimethoxyphenyl 


115 


2 


0 


Isopropyl 


3,4,5-Tris- 
(Pyridin-4- 
ylmethoxy) phenyl 


3,4,5- 
Trimethoxyphenyl 


116 


2 


0 


3, 4,5-Tris- 
(Pyridin-4- 
vltnethoxvi Dhenvl 


Isopropyl 


3,4,5- 
Trimethoxyphenyl 


117 


2 


0 


Prop-2-enyl 


3,4,5-Tris- 
(Pyridin-4- 
ylmethoxy) phenyl 


3,4,5- 
Trintethoxyphenyl 


118 


2 


0 


3,4,5-Tris- 
(Pyridin-4- 
ylmethoxy) phenyl 


Prop-2-enyl 


3,4,5- 

Trimethoxyphenyl 
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The most preferred compounds of this 
invention are (S) -1- (2-oxo-2- (3, 4,5-trimethoxyphenyl) 
acetyl ) piperidine- 2 - carboxylic acid- 4 -pyridin- 3 - yl - 1 - 
(3 -pyridin- 3 -yl) propyl) butyl ester, and (R) -1- (2-oxo- 
2 - ( 3 , 4 , 5 - trime thoxyphenyl ) acetyl ) piperidine - 2 - 
carboxylic acid-4-pyridin-3-yl-i- (3 -pyridin- 3 -yl) 
propyl) butyl ester, pharmaceutically acceptable 
derivatives thereof and mixtures thereof. 

As use herein, the compounds of this 
invention, including the compounds of formula (I) , are 
defined to include pharmaceutically acceptable 
derivatives thereof. A "pharmaceutically acceptable 
derivative" denotes any pharmaceutically acceptable 
salt, ester, or salt of such ester, of a compound of 
this invention or any other compound which, upon 
administration to a patient, is capable of providing 
(directly or indirectly) a compound of this invention, 
or a metabolite or residue thereof, characterized by 
the ability to maintain, increase or restore 
sensitivity of ' MDR cells to therapeutic or prophylactic 
agents or to prevent development of multi-drug 
resistance. 

, Compounds of this invention represented by 

formula (I) may be obtained using any conventional 
25 technique. Preferably, these compounds are chemically 
synthesized from readily available starting materials, 
such as alpha-amino acids. Modular and convergent 
methods for the synthesis of these compounds are also 
preferred, in a convergent approach, for example, 

large sections of the final product are brought 

together in the final stages of the synthesis, rather 
than by incremental addition of small pieces to a 
growing molecular chain. 

Scheme 1 illustrates a representative example 
of a convergent process for the synthesis of compounds 
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of formula (I'), a preferred subset of compounds of 
formula (I), wherein A is oxygen. The process 
comprises esterif ication of a protected alpha-amino 
acid of formula (X) , wherein P is a protecting group, 
5 with an alcohol of formula (XI) . Protected alpha-amino 
acids are well known in the art and many are commerci- 
ally available. For example, common protecting groups 
and convenient methods for the protection of amino 
acids are described in T. W. Greene, P. G. M. Wuts, 

10 urntectivp o-nups i n organic Chemistry, 2nd Ed., John 

Wiley and Sons, New York (1991) . Alkoxycarbonyl groups 
are preferred for protection of the nitrogen atom in 
compounds of formula (X) , with t-butoxycarbonyl (Boc) , 
benzyloxycarbonyl (Cbz) , allyloxycarbonyl (Alloc), and 

15 trimethylsilylethoxycarbonyl (Teoc) being more 
preferred. 

After esterif ication, compounds of formula 
(XII) are deprotected under suitable deprotection 
conditions (see Greene, supra) , and the free amino 
group of (XIII) is then acylated with a compound of 
formula (XIV) , or an activated derivative thereof, to 
yield a compound of formula (I')- Methods for 
activation of carboxyl functionalities in carboxylic 
acids such as compounds of formula (XIV) are well known 
and many activating agents are commercially available. 

Alcohols of formula (XI) wherein m is 0 (XI') 
can also be conveniently prepared, for example, as 
illustrated in Schemes 2 and 3. Reaction of an 
organometallic reagent of formula (XV) and an aldehyde 
30 of formula (XVI) provides alcohols of formula (XI 1 ) 
(Scheme 2) . 



20 
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Scheme 1 




(XV) (xvi) (X r) 



Scheme 3 




Metal 

Af, Halogen catalyst 

Af 2 — Halogen 
(XVII) 



Ar, and Ar 2 are independently Ar 
groups as defined in the text 



OH 




(XVIII) 



Hj/ catalyst 




(xn 
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Alternatively (Scheme 3), 1, 6-heptadiyn-4-ol 
can be coupled via a metal -catalyzed reaction to 
aromatic halides of formula (XVII) to give an alcohol 
of formula (XVIII) . Subsequent hydrogenation provides 
5 an alcohol of formula (XI 11 ), a preferred subset of 
alcohols of formula (XI) • 

Thus, this invention also provides a method 
for preparing compounds of formula (I 1 ) comprising the 
steps of: 

10 ( a ) esterifying a protected amino acid of 

formula (X) with an alcohol of formula (XI) to give an 
intermediate of formula (XII) ; 

(b) deprotecting the amino protecting group 
in the intermediate of formula (XII) to give an amino 

15 ester of formula (XIII) ; and 

(c) acylating the free amino group in the 
compound of formula (XIII) with a compound of formula 
(XIV) or an activated derivative thereof. 

It should be appreciated by those of ordinary 
20 skill in the art that a large variety of compounds of 

formula (I) may be readily prepared, according to the 
processes illustrated in synthetic Schemes 1, 2 and 3. 
The same processes may be used for the synthesis of 
many different end-products, by altering the variables 
25 in the starting materials. 

For example, compounds of formula (I 1 1 ) (not 
shown) wherein A is NH or N- (C1-C4 alkyl) can be 
synthesized by a peptide coupling reaction between a 
carboxylic acid of formula (X) and an amine of formula 
30 (XI 1 1 1 ) (not shown) to give an amide of formula (XII ? ) . 

This step is analogous to the first esterif ication 
reaction of Scheme 1. The steps leading from (XII 1 ) to 
(I » i ) are also analogous to those from (XII) to (I') 
shown in Scheme 1. 
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Optically active compounds of formula (I) may 
also be prepared using optically active starting 
materials, thus obviating the need for resolution of 
enantiomers or separation of diastereomers at a late 
5 stage in the synthesis. 

It will also be appreciated by those of 
ordinary skill in the art that the above synthetic 
schemes are not intended to comprise a comprehensive 
list of all means by which the compounds or the 
10 intermediates of this invention may be synthesized. 

Further methods or modifications of the above general 
schemes will be evident to those of ordinary skill' in 
the art. 

The compounds of this invention may be 
15 modified by appending appropriate functionalities to 

enhance selective biological properties. Such 
modifications are known in the art and include those 
which increase biological penetration into, a given 
biological system (e.g., blood, lymphatic system, 
20 central nervous system), increase oral availability, 

increase solubility to allow administration by 
injection, alter metabolism and alter rate of 
excretion. 

The compounds of this invention are 
25 characterized by the ability to increase, restore of 

maintain the sensitivity of MDR cells to cytotoxic 
compounds, such as, for example, those typically used 
in chemotherapy. Based on that ability, the compounds 
of this invention are advantageously used as 
chemosensitizing agents, to increase the effectiveness 
of chemotherapy in individuals who .are afflicted with 
drug -resistant cancers,, tumors, metastases or disease. 
In addition, the compounds of this invention are 
capable of maintaining sensitivity to therapeutic or 
35 prophylactic .agents in non-resistant cells. Therefore, 
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the compounds of this invention are useful in treating 
or preventing multi-drug resistance in a patient. The 
term "patient" as used herein refers to mammals, 
including humans. And the term "cell" refers to 
5 mammalian cells, including human cells. 

As used herein, the terms "sensitizing 
agent", "sensitizer", "chemosensitizing agent", "chemo- 
sensitizer" and "MDR modifier" denote a compound having 
the ability to increase or restore the sensitivity of 

10 an MDR cell, or to maintain the sensitivity of a non- 
resistant cell, to one or more therapeutic or 
prophylactic agents. The. term "MDR sensitization" and 
"sensitization" and "resensitization" refer to thei 
action of such a compound in maintaining, increasing, 

15 or restoring drug sensitivity. 

According to one embodiment of this 
invention, compounds of this invention that are useful 
in increasing, restoring or maintaining drug 
sensitivity are also capable of binding to the protein 

20 FKBP-12 or other related FK-506 binding proteins such 

as FKBP-13, FKBP-26 and FKBP-52. In vitro tests (data 
not shown) of these compounds demonstrate that the 
agents bind to FKBP-12. Thus, this invention also 
comprises a class of chemosensitizing agents other than 

25 FK-506, characterized by the ability to bind to the FK 

binding protein- 12 or related FK binding proteins, 
pharmaceutical compositions including such agents and a 
physiologically acceptable adjuvant, carrier or 
vehicle, and methods of using those compositions for 

30 treating or preventing multi -drug. resistance in a 
patient . 

Preferred compounds suitable for use in 
preventing or modulating multi -drug resistance are 
those which are not significantly immunosuppressive at 
35 clinically useful or prophylactically or 
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therapeutically active levels -- i.e., the effect, if 
any, -of immunosuppression does not outweigh the value 
of sensitization activity of the compound to the 
patient. Such immunosuppressive capabilities can be 
ascertained by the in vitro assays set forth in United 
States patent application Serial Nos. 07/547,814 (now 
United States patent 5,192,773), 07/704,734, 07/697,785 
and 07/881,152, the disclosures of which are 
incorporated herewith. 

The compounds of the present invention may be 
used in the form of pharmaceutical^ acceptable salts 
derived from inorganic or organic acids and bases. 
Included among such acid salts are the following: 
acetate, adipate, alginate, aspartate, benzoate, 
benzenesulfonate, bisulfate, butyrate, citrate, 
camphorate, camphorsulfonate, cyclopentanepropionate, 
digluconate, dodecyl sulfate, ethanesulf onate, fumarate, 
glucoheptanoate, glycerophosphate, hemisulfate, 
heptanoate, hexanoate, hydrochloride, hydrobromide, 
20 hydroiodide, 2-hydroxyethanesulfonate, lactate, 

maleat e , methanesul f onate , 2 - naphthalenesul f onate , 
nicotinate, oxalate, pamoate, pectinate, persulf ate, 3- 
phenyl- propionate, picrate, pivalate, propionate, 
succinate, tartrate, thiocyanate, tosylate and 
25 undecanoate. Base salts include ammonium salts, alkali 
metal salts, such as sodium and potassium salts, 
alkaline earth metal salts, such as calcium and' 
magnesium salts, salts with organic bases, such as 
dicyclohexylamine salts, N-methyl-D-glucamine, and 
salts with amino- acids such -as arginine, lysine; and so 
forth. Also, the basic nitrogen- containing groups can 
be quaternized with such agents as lower alkyl halides, 
such as methyl, ethyl, propyl, and butyl chloride, 
bromides and iodides; dialkyl sulfates, such as 
dimethyl, diethyl, dibutyl and diamyl sulfates, long 
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chain halides such as decyl, lauryl, myristyl and 
stearyl chlorides, bromides and iodides, aralkyl 
halides, such as benzyl and phenethyl bromides and 
others. Water or oil -soluble or dispersible products 
5 are thereby obtained. 

The compounds of the present invention may be 
administered orally, parenterally, by inhalation spray, 
topically, rectally, nasally, buccally, vaginally or 
via an implanted reservoir in dosage formulations 

10 containing conventional non- toxic pharmaceutically- 

acceptable carriers, adjuvants and vehicles. The term 
"parenteral" as used herein includes subcutaneous, 
intravenous, intramuscular, intra -articular, intra - 
synovial , int ras ternal , intrathecal , intrahepatic , 

15 intralesional and intracranial injection or infusion 

techniques . 

The pharmaceutical compositions of this 
invention comprise any of the compounds of the present 
invention, or pharmaceutically acceptable salts 

20 thereof, with any pharmaceutically acceptable carrier, 

adjuvant or vehicle. Pharmaceutically acceptable 
carriers, adjuvants and vehicles that may be used in 
the pharmaceutical compositions of this invention 
include, but are not limited to, ion exchangers, 

25 alumina, aluminum stearate, lecithin, serum proteins, 

such as human serum albumin, buffer substances such as 
phosphates, glycine, sorbic acid, potassium sorbate, 
partial glyceride mixtures of saturated vegetable fatty 
acids, water, salts or electrolytes, such as protamine 

30 sulfate , disodium hydrogen phosphate , potassium 

hydrogen phosphate, sodium chloride, zinc salts, 
colloidal silica, magnesium trisilicate, polyvinyl 
pyrrolidone, cellulose -based substances, polyethylene 
glycol, sodium carboxymethylcellulose, polyacrylates , 
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^ /-u ; ♦ waxes ,. : polyethylen^^^ polymers , 

: — : ' *-^> ^ . , ; ;-,t< Accp^ding«V;t|p , ;thi&^inyentipn f ^the ' . 
• ; <f '/s-f. r- P^^ce^t^-^ •. .form of a 

5 sterile injectable preparation, for^exanple a sterile 
^vAnj^ctab^ 

% -known; in. the ^axtr ^sin^ sui jtable dispersing or wetting 
ag^nts^pd* suspending ag^tf #^The> sterile injectable 
; , 10 preparation ^y^alsb^ be a - sterile in jec solution 
or suspension in a non-toxic; parenterally- acceptable 
: diluent o* solvent; ; for ^exairple^as^ra isblution in 1;3- -■ 
-^t,; V; r v butanediolv t and solvents 

that may be employed are ^tser> r idLnger Is ^solution and 
/IS isotonic sodium-chloride: solution, in addition, 

ri i sterile/i-fixed. oilsi are conventionally enployed as a 
^ - r- ; splyent or suspending mediums : For this purpose , any 
bland fixe* bil may i)e ;enplbyed including synthetic 
monor or di - gly cerides . . Patty; acids ; such as oleic 
■;%^20, , . acid and ;its glyceridei derivative useful in the 

v preparation of ;:ihjectables^ asr-do; natural* 

■ pharmaceutically -acceptable oils, such as olive oil or 
r castoir: pilv, especiall^> in their: polyoxyethylated 
^versions;. ^ese:oilM solutions ©^suspensions may also 
25 r vm contain J a > lo^ 

such as Ph. Heiv or similar alcohol . 

■ ^ - - ^The phari^ of this 

invention may he. orally ; : administered : „ in any orally 
:c -.:,:.h acceptable tQ/ 
30 capsules ,•; tablets , ^aqueous suspensions- or Vsjolutibns 

— In the case of xtabiets^f or vbral jxise; carriers which are 

: commonly used incliide lactose and cornstarch. 
: , Lubricating; agent s>: such as /magnesium stearate, are 
. also typically * added, : ,For oral .administration in a 
35.. capsule ;form, .useful diluents include .lactose and dried 
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i corn star ch • When aqueous suspensions are required for 

oral use, the active ingredient is coinbihed with 
* emulsifying • If , desired, certain 

sweetening , flavoring- or icolorihg agents may also be 

5 added* - ■)■'[■■'. r; / f ^ r -' ;i V- " " . 

jaternatively, th6 pharmaceutical 

compositions tof -*fckis* ! lmfent±to may -be adnrLnister^ in 
the form of suppositories for Rectal administration. 
-:,v;-y ; : These can be^ prepared ■ by^ niMngw the ^g^it with a 

10 suitable noh- irritating excipi^ht which is solid at 
.'■ A ^-,>J room temperature but liquid at the rectal temperature 
and therefore will melt in the rectum to release the 
drug . Such materials include cocoa butter , beeswax and 
: r polyethylene glycols. \ ;: •' ■' ■ 

15 - The pharmaceutical- compositions of this 

invention may also be administered* topically, 
especially when the target of treatment includes areas 
or organs readily accessible by topical application, 
: including diseases of the eye # the skin, or the lower 
20 intestinal :t^act^'c. Suitable topical formulations are 
readily prepared for each of these areas or organs . 
? , ; , ,-Topical application : for the lower intestinal 

tract can be effected in a rectal suppository 
: formulation (see ^abwe) or, in a suitable enema 
25 formulation.^ Topically- transdermal patches may also be 

-used.";/: ■: y-'^— • ' . , 

f v; > <;v j For topical applications/ the pharmaceutical 

; ; compositions may be formulated in a suitable ointment 
containing the: active component suspended or dissolved 
30 ; in one or more carriers . Carriers for topical 

adminis tration of the compounds of this invention 
include, but are hot limited to, mineral oil, liquid 
petrolatum, white petrolatum, propylene glycol, 
polyoxye thyl ene , polyoxypropyl ene ; compound + emulsifying 
35 , wax and water. Alternatively, the ♦ pharmaceutical 
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■ lf r v v ^coirpbsxtioris can^'be f ormulated 1 itf :{ ac : sstiitabl£ lotion or 
- cream - c ont aining : -tiifeY, 'afct iye * -components Suspended- or 
• '•■ - dissolved in pne> or 'inoreq; pharmaceutical^ 

s;. •■> acaririeris .^Suitable carriers^ include ,^biit are not 
^5;^ - liirdfced to,: min 

\polysorbate 60; -cetyl esters wa^ cetearyl alcohol, 

For ophthalmic use, the pharmaceutical 
* compositions may be .f bi^lated as micronized 
10 suspensions in isotonic sterile saline, 

- v ^ 

, -"rv - ^ steraieV%*^ 

^ - " Such laS^benzyialfc^ for 

15 ^""''-V*;^ petrblatum. 

The pharmaceutical conposiHons of this 
'" : 5 w ■•-ifi^ntion ^y^alfebfbe ^a^iitered by nasal aerosol or. 
-,y:h- iiihalatift^ prewired according 

i - to^clmiques Weil-^ the art "of pharmaceutical 

20; v f brimilaition and; may be "prepared ^s : solutions in saline, 
y : ^ ^ aicbhol ; <6r dther ^iSabie 

" ^knd/^^other . 

conventional solubiJizincf .pi^ dispersing agents . 

; " * : cd^ single 
: ^sage -"fqm^wl^ ■ 
: - ' : and the particiila^iriode bf ^^nistratdbn; It should 
be : understood, "hbweyer, that a specif 
3 0 treatment regimen : for any ^art iciilar-pat i£nt will -^r- 
depend^^o^ the. 
activity bf the spedif ic compound empioybd, the age, 
body Weight, genera! health; sex/ diet, "time of 
administration^/ "rate of excretion, drug combination, . 
35 and the judgment of the treating physician and the 
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/ seyerityv of the particu^ disease^ being treated. The 
; amount of active ingredient may also depend upon the 

therapeut^ agent, if any, with which 

• • v-:-/ ;%he ingredient is co- administered itv As used herein, the 
. r tem^phaHnaceutiGally-efffective amount!! refers to an 
amount effective to rprevent . mu^ or 
maintain, increase or restore drug sensitivity in MDR 

v CellS. . ••• ^r..\ -J.--. . :.v.v'-:-" r ; -\, ■■■ < \ • • 

, Dosage ^levels ^ and about 

10 100 mg/kg body weight per datyy preferably between about 
0.5, aindi about 5 0 mg/kg body weight per day of the 
active ingredient compound are useful . A typical 
preparation will contain fc^ about 5% and about 95% 

.active, compound (w/w) . Preferably ; -.. such; preparations 

15 contain betweeii about 20% and about 80% active : 

, • J. t compound. V; ov;/v^- :: .. ' • - 

. , When the compounds of this invention are 

administered in jcorribinaticqi: t other 
agents they may be actoinietered sequentially or 

20 concurrently t6, the ; p^ 

pharmaceutical ..or p£ophyla.ctip cornppsi tions ac cording 
to this 4^ of a 

compound of this invention and ancpther therapeutic or 
; ... prophylactic agent . ... , ; . ' .•••.'.vV 

25 For example , the compounds may be adminis - 

tered either alpne. or in. combination with one or more 
therapeutic agents , such as chemo therapeutic agents , 
(e.g. f actinpiriycin D, doxorubicin, vincristine, 
vinblastine etoposide , amsacrine , mitoxa.ntrone , 

30 tenipaside, taxdl and colchicine) and/or _ 

chemosensiti zing agent (e.g. , cyclosporin A and 
analogs , phenothiazines and thioxantheres) , in ; order to 
increase the susceptibility of the MDR cells within the 
patient to the agent or agents . 
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In order that this invention may be more ' 
fully understood, the f olipwi^ e>^ies are set forth, 
i, These examples , are for the purpose of illustration only 
■: : : - .and^are. not, to be .construed as limiting "the scope of 
•5 : the invent ion in, any way . ....... .7 • 
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Examples ; 

\ General Methods . ;;., :r ; 

Proton nuclear magnetic resonance ( 1 H NMR) 
spectra were recorded at 500 MHz on a Bruker AMX 500. 
5 Chemical shifts are reported in parts per million (6) 

relative to Me 4 Si (6 0.0). Analytical high performance 
liquid chromatography was performed on either a Waters 
600E or a Hewlett Packard 1050 liquid chr omatograph . 

Example 1 

10 synthesis of fsY-1 , 7-Diphenyl-4-heptanvl N-f3 ,4 ,5- 

trimethoxvphenvlalvoxvl) pioecolate (3 ) 

4 "Phenvl-l-butvr aldehyde f 119) . To a 
solution of 3 .2 mL (20.8 mmol) of 4-phenyl-l-butanol 
(Aldrich Chemical Co. ) in 20 mL of CH 2 C1 2 at 0 °C was 

15 added .3 .2 g of powdered 3 A molecular sieves and then 

5.37 g (24.9 mmol) of pyr idinum chlorochr ornate ( PCC) . 
The resulting suspension was stirred at 0 °C for 1 h at 
which time an additional 2.16 g (10.0 mmol) of PCC was 
added and the reaction mixture was warmed to room 

20 temperature. After stirring at ambient temperature for 
0.5 h, the reaction mixture was diluted with ether and 
filtered through celite to give 2.5 g of the crude 
product. Flash chromatography (elution with 5% ethyl 
acetate in hexane) yielded 700 mg of the aldehyde 119. 

25 *H NMR was consistent with the structure . 

3-Phenvl-l*propvlmaanesium bromide fl2or . To 
a suspension of 736 mg (30.3 mmol) of magnesium 
turnings in 50 mL of THF at room temperature was added 
50 /iL of l / 2-dibrompe thane followed by the dropwise 
30 addition of 5.5 g (25.1 mmol) of l-bromo-3- 

phenylpropane (Aldrich Chemical Co.)* After stirring 
at room t mperature for 0.5 h # the supernatant was 
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V r ' v J 'transferred via cannula Ho a 100 raL stdirage vessel and 
- subsequently used as • a-;" 0 i 5* M THF solution of the 
-h ^r: ^Gr $0iard ' r^ 

1 . 7-Diphenvl-4-heptahol (121) , v To a solution 
Z*l)$J&- (ii9) ih 5.0 

ml/ of THE ^at 0 °e 'was added ^ 1 0 .>6 niL (5 ?0mmol ) of 3- 

■ -\ ^ 

^ : resulting mixtxire was ^stirrfed at 6 for 0*5 h. The 
~ m addition of 

W ^ The phases 

y> Were^ s^pa:rated ahd tte br^nic^^ washed with 

'• v ^watier arid brine kid then dried over HgS0 4 . \ 

^hcentrati^ oil 
■U istierrt w^h-th£ structure, 

15 - ^ - - -fsy 

ester (12! 2 ) v To a £olxit ion Of 164 mg (0»72 mmol) of 

- ^ B6c-L-Pipecol£c acid in ^5 . 0 niL of ^ CH 2 ei^ at 5 room 

temperature was added 174 mg ^ of alcohol 

121/ 140 mg (0.72 mmol) of 1- (3-dimethylaminopropyl) - 
: 20 .-..<.£ 3^t5iyi^ (EDC) and a Catalytic 

^ ^aiibunt of N> 

^ reaction mixture '-was. stirred at ambient "tempe 
^'/"• / ■ ^and th^ . 

; - Elation with 10% fettyl ac&tkt^ afforded 76.2 : 

25^^ . 

-consistent: with th^; stihjfctiire 

' v ^ - ^: ^ : (jgy -i ^7^Dibhenvl-4- heotanya^ M23 1 . :\ 

- To/a 1 solution of 4 f m^^O. lo' mrnoi) of the ester 122 in 
1 . 0 iaL 1 cif GH 2 C1^ : at ^aimbient teftp^rature add^d 1. 0 

30 - : mL of trifiuoroaceti<: acid. < -After stifling at room 
temperature f or 6.5 h, the resulting solution was 
neutralized by the dropwise addition of saturated 
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K 2 G°3 v The layers were : separated ap<3 the organic phase 

concentrated to yield 23 mg of thiamine. 123 as an oil. 
NMR consistent with structure. 

,5 ; 3 . 4 . 5-Tr imethoxvbenzovlf ormic acid (124 V, To 

~ iV : a vsolutioii of ^ 2 g (43 . 4 nunol) fpf 3, 4,5- 

trimethoxyac^l^^ in 35 mL 

of pyridine -w^ selenium 
dioxide and the resultingisolution was heated at reflux 
10 overnight. The reaction mixture ps; pooled to room 

temperature, f iltered through celite. and concentrated 
to yield, a dark brown oil which was dissolved into 
ethyl acetate and washed ^ith- 1, p N , HC1 .and then with 
saturated NaHCOg* The^ ; aqueous layer was diluted 

15 with ether and acidified with concentrated HC1 . The 

layers were separated and the organic phase was washed 
with brine and r then dried over ^a 2 SG^ give 8.4 g of 
A . the acid 124 as a pale yellow solid. 1 H NMR consistent 
with structure . r ;: •:• ; — .. ^vv^ : : : :^ ;b^.^~--:;-' ; 

20 : ^V r 1.7^piohenvl^4-heptanvl N*f 3 4 , 5-tri- 

methoxyphenvlalyoxyl V pipecolate ( 3 V . . To, } a solution of 
^23 mg (0.06 m^ of amine 1^ : in 1 . 0 mL of CH 2 C1 2 
at room temperature was; added ? 1.8 mg ( 0 f 09 mmol) of 
the acid 124 and then 17 . 9 mq(0.09 mmol) of EDC and the 

25 resulting solution was. stirred afr room temperature for 

0.5 h and applied directly to a silica gel column . 
Elution with 15% ethyl acetate in hexane gave 8.4 mg of 
the amide 3 as a fixture of rotamers. — H NMR (500MHz 
CDCl 3 6 7.35-7. 06 (m) , v 5.32 (br s) , 5. 00 ( br s) , 4.88 

30 ; (br s) , 4.58 (d) , . 4 . 31 (br s) , 3.95 (s) , 3.89 (s) , 3.44 

(d) , 3.21 (t), 3.04 (t) , 2.54 (br s) , 2.51 (br sj , 2.42 
(br s) , <• 3.3.0. (d) , 2.15 (d) , 1.83-1.21 (m) v 
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'". " * \ '■ ^ " ^ ; \ ' \- ' - : ^Example 2~ -" r - •>-: 

V* Synthesis of (R and ^l^i-rj-Pheno 

^ - b#fcV^ r^V^N- *3^4 ^trimethoireph^ 

\ 5 > " : - 3-Pheit6^B<site a solution 

" ~ — of ^ : 
>^ ^- (^l^ich ^ at room 

' - $ ' r tenipg^a ttir e J was- addied iv^ % ^ pd^e^ecl ^4 ' " A molecular ■ 
^' • ; r ••" £iev£s^ and "2:0-5 g of ^etiva^ " 
10 - : ^^^efifsibri ' \ras stirrfeS at room temper ^€tire for 0.5 h, 
at^ Which r tiife an a!dditxcmal72 added* 
After stirring * -afC'f^bmvtW 

reaction mixture was filtered through celite to give 
-^-^ 1:84 c? of ' -tihiSali^hyd^ ^:25 >as^ an oil . 1 H NMR •"/ 
^-15^' ' Ucons^ 

''" /; '" ;v *?> l; [ and £h ^ri^Pfren<^ 

? ^biit aribl ' f 12 &f ^- :; ^TKe " alcqhbi^ 126" was prepared from 190 
' S ; mg {0. 915^^61) of ^alddhvde- 125 ^ and 2. 0 tt£ ( l . 0 lbmol) of 
^ - ^fe-fef ignarid reagent 120 in T 2 . 6 "mi; of ^THF as described 
20 'abbve fbr the syntheisxs • o£ the aldbho^ 4 121 in Example 
u Flas^ 

^acetate in hexahfe) affdrded 108 M$ of the racemic 
alcohoi 126i " % NMR r c6hsi^tent with stricture. 

} : -': : ^ ; - • f £) L N^3 . 4-. 5^ f Tr imethbxvpheilvr^ alvoxvl 
25 T3>ir>ecolic acid ( 1271 : To ? a slurry of : 953 • 3 mg (3.4 
inmoi) of the tartrate salt of: (S)^pipecblic acid 
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(Egbertson, M. and Danishef sky , S .; J . J. org. Chem. 
1989 , 54 , 11 j in 7; 0 mL of CH 2 C1 2 at 0 °G was added 3.9 
mL (221.39 m 2.4 mL 

(18.9 pnol) of chlorotrimethylsilane and the resulting 
5 solution was allowed to stir at 0 °C for 0.5 h. In a 
separate reaction flask 450 /iL (5.2 mmol) of oxalyl 
chloride and three drops of DMF were added to a 
solution of 820 mg (3.4 mmol) of acid 124 in 7.0 mL of 
CH 2 Cl 2 . After the evolution of gas ceased, the entire 
"'vib":^::; ■:.J';o^terit:s.,c^*"^e : . second flask were added Ito the first 
reaction vessel arid the resulting mixture was allowed 
to stir at room temperature for 1 h . The reaction 
mixture was concentrated, disfsolyed into ether and 
washed with 0 .5 N HC1 and then saturated NaHC0 3 . The 
15 bapic aqueous phase was acidified wito concentrated HC1 

and extracted with ether. .The ethereal extracts were 
washed with w^ater, brine, dried oyer MgSQ 4 and 
concentrated to give 490 mg of the acid 127 . NMR 
cons is tent with structure . ,. 

20 (R and S) -1-r f 3^PhendxvVphenvl-4-phenyl-l- 

butvl (S) -N-f 3 . 4 . 5-trimethoxvphenylalvoxvl^ pjpecolate 
(4) . To a solution of 29.4 mg (0.08 mmol) of acid 127 
in 2 .0 m^ of CH2CI2 at room temperature was added 11 /iL 
(0.13 mmol) of oxalyl chloride arid three drops of DMF 

25 and the reaction mixture yas allowed to stir at room 

temperature for 0 . 5 h and was then concentrated and 
suspended in 1.0 mL of benzene. !To thi^ suspension was 
added 32*0 mg (0.1 mmol) of alcohol 126 and 13.4 mg 
(0.1 mmol) of silver cyanide. The resulting mixture 

30 was heated at reflux oyernight, cooled to room 

temperature and concentrated. Flash chromatography 
(elution with 10% ethyl acetate in hexane) gave 8.8 mg 
of the ester 4 as a mixture of diastereomers. NMR 
(500MHz CDCI3) 57.34-7.19 (m) , 7.18-7.03 (m) 7.02-6.84 



WO 94/07858 



"f -PCT/US93/09145 



- 33 - 



J V--,.;' ^' (n») ; { 6 . &3> 6 , 72 (in) ,. :/ ,5 . 73r (q) , 5. 69* 5; 55 (m) ,. 5.38 (t), 
;v '- -4'. 55 (br, ; d) , A .3S:,A<& i y 3^94:Js) ,: : 3 .92^ (s) , 3 . 89 (s) , 
3*B3V(s) vr/3^3a :(s>,j:3t63,-.(s).^3 ,48,-3 :35 (in) , 3 .20 (t) , 
23.10 (t), 2.60 (q), 2.40 .(dd), 1 .95-1 .91 (m) , 1.90- 

•5 . jU45" 4mX.. '.'v:-^^--.. ' ' 



10 



15 



20 




Example 3 



■ ; tv , . r », Svnthegfs of f p and - fi- Phenyl rl '- r r- . 

pyridyl ) - 3 -hexvl (,«7) -N- (3 .4 . 5-trinigi-hrvrvnhenvl al vnwi .i 

- . ,i. 3 - (3 - Pvri dvl ) - 1 -pyn^Yl «ldehvfi^ (ior) To a 

so ^ ti ° n ? f 2 - 3 5 (5.46 mi^) of th| Dess-Martiii \ 

, ..^Ir.-^f', 4155) \|n f "io ^inL^^cig'- 'at^ >c was. added 

470 )tL (3. 65 mmoi) of 3- (3 -pyridyl) -l-propanol and the 
; ^ u ft in g m^ure was allowed,, .to warm from 0 °C to 

^'if^Sf ^i^^^&^i- | ; l.:5; h period..; To this V ■ 

^f^ ra ^f d ; ^C0 3 f and t:he reaction; mixture was allowed 
. st T lr at *°° m temperature ;forT ±5 min. The reaction 
••c was -.. -extracted with (?Ii 2 gi±,, ffri& oye^ MgS0 4 , and 
. . . . concentrated. Flash chrcTOto^raphy (elutipn with 3 : l 
hexane; acetone) yielded the product aldehyde 121 as an 
1fi consistent *rit^ ; .structure.,. ; 

, : (R and g)-6-Ph e nv1-l-.(q.pv T .H ^ v n. 3 . h<ava „ o1 

25 ;> (12?) . The alcohol 221 was prepared from- 125 mg (o . 92 
mmol) of aldehyde 128 and 2.0 mL (1.0 mmol) of 12Q in 



WO94/07858 



PCT/US93/09145 



' - 34 - ■ 

2 . 0 mL of THF as. described above for the synthesis of 
alcohol 121 in Example 1 to give 221 mg of the crude 
alcohol 129 . NMR consistent with structure . 

(<n-Boc- Pipecolvi-f* ahd sy-6-PhenVl-l-r3- 
5 t>vridvll-3-hexvl ester (130) . The ester 130 was 

prepared from 12 5 mg (0 .49 mmol ) of alcohol 129 . 93 mg 
(0.41 mmol) of Boc-pipecolic acid, 94 mg (0.49 mmol) of 
EDC and a catalytic amount of DMAP in 1.0 mL of CH 2 Cl 2 
and 1.0 mL of DMF as described above for the synthesis 
10 of 122 in Example l. Flash chromatography (elution 

with 2:1 hexane: ethyl acetate) gave 105 mg of the 
diastereomeric ester 130 as an oil. 1 H NMR consistent 
with structure. 

(R and S V-6-Phehvl-l- ( 3-pvridvl ) -3-hexyl '(SI** - 
15 ^ibecbla-b^ f 1311 . The amine l^ was synthesized by 

treating 95 mg (0.20 mmol) of the ester 130 with 1.0 mL 
of trif luoroacetic acid in 3 . 0 mL of CH 2 Cl2 as 
; described above for the preparation of amine 123 in 

Example 1/ giving 58 mg of the diastereomeric amine 131 
20 as ah oil- : 1 H NMR consistent with structure. 

: Yfr and~ ;Sr> -6 -Phenyl- 1- ( 3 -pvrldvl V-3 -hexvl (S) - 
N- (3.4 . 5-trimethoxvphenvlQlvoxvl ) pipecolate ( 1 V . The 

^ ester 2 was prepared from 54 mg (6.15 mmol) of the 

amines 131, 5 6 ma (0 .22 mmol V of t-he acid 124 and 42 mg 

25 ; (0.22 mmol) 6f EDC in 3.0 mL of CH 2 Cl2 as described 

above in the synthesis of ester 3 in Example 1. Flash 
y chromatography (elution with 1:1 ethyl acetate : hexane) 
gave 73 mg of the diasteromeric ester 7 as- a mixture of 
rotamers . 1 H NMR (500MHz CDCI3) 6 , 8 .48-8. 42 (m) , 7 .50- 

30 7.41 (m), 7.32 (d) , 7.27-7.03 (m) , 5.38 (d) , 5.31 (d) , 

5.06-5.01 (m) I 4.97-4.93 (m) > 4.60 (br d) , 3 . 92 (s) , 
3.88 (sj , 3.86 (S) , 3.84 (s), 3.82 (s) , 3 . 79 (s) , 3 . 46 
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^br d) ; - 3 • 27 (bf t)V 2 , 73-2 . 68 (ro) y 2v38-2 .29 (m) 
* ±f98fi ; i7 ; 6 fttty jrl 6(3 (mr) > ^56^1^1 (m) , 1 . 38- 

^l, 2b fri) . / ^"--^^.^ :/ ■' 




Example 4 

5 Synthesis of: arid SY- IE) -1- r trans- M-Kvdroxv> 

^ avclbhexvln -i^met^ f <? } — n— . 

" ' c •. '••:- T v .^6,-^;;^/)'^^ f y^Wvir- -x.:.: .p.- • " : .; ' 

cas-and trang-4- (tert-Butvldimethvlsilvioyv^ - 

^ cvcloiiexan^l^oi m and ri33Y; ^Tn W gmnf ^ ^ of 
0 3.43 4-hydroxy- 

^ D,B. 
Cheiri, jsoc. Vol- 74 r 59 12 7(1 ^ mL of 

^ ■ roethyleri^ * >c was. added 3.0 mL (26.0 mmol) 

- 2 , 6-iutidine f ollpyed by^ 5. 5 mL (23. Q mmol) of tert- 
15 ; ; rS b^^dimethyl . The ice 

bath was remp^ was allowed 

■'^ ;to'?3ti^ : V h, at whi^ ^time solution . 

was poured into saturated sodium bi^ 
, layers we£e partitioned and the orgranic layer was 
2® 1 -washed^ witliy^attirated popper . sulfate,' £n£ /water and then 
V dri^d oyer MgSO^ to ^ methyl 
;/■ .esters. A solution of 5 .72 g (21.0 mmol) of this 

mixture in 4 5 mL of anhydirous THF was treated with 400 
mg (l 0.5 mmol) of lithium aluminum hydride The 
2 5 reaction mixture was stirred at 25 °C for 0 . 5 h and was 
then quenched by the slow additi n of a saturated 
solution of Rochelle's salt. Th mixture was diluted 
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with ether, the layers were partitioned and the aqueous 
layer was washed 1^ 

combined organic extracts were drieci over MgS0 4 arid 
concentrated to give 4.9 g of the diastereomeric 
5 alcohols. Flash chromatography (elution with 1:5 ethyl 
acetate-hexane) gave 650 mg of 132 . 1.10 g of 133 and 
2.40 g of a mixture of the two. Data for. 132 : *H NMR 
(300 MHz; CDC1 3 ) £ 3.99-3.92 (m) , 3.46(d) , 1.72-1.58 
(m) , 1.57-1.36(m)V 0.86(s) # 6.08(s) . Data for 133: 1 H 
10 NMR (300 MHz ■•3 • 47 (dddd) , 3 . 38 (d) ; 1.86- 

1.67 (m) , 1.47-1.16 (m) , 1.05-0.77 (m) , 0.72(s) , 0.02 (s). 

riV-Ethvl 3- 1 trans- ( 4 -tert-Butvldime-fchyl- 
£ silvldxycvclohexvl V 1 -2^methviprop-^enoate f 134 ^ . To a 
-t78 *C solution pf , ^M- ^ uIj , 9 .0 mmol ) 

15 in 10 mL of methylene chloride was added 

dimethylsuif oxide (1^3 mi, 18 . 0 mmol} . The resulting 
solution was stirred for 5 min and then 1.1 g (4.5 
mmol) of the alcohol 133 was added in 10 mL of 
methylene chloride . The reaction mixture was stirred 
20 at -78 °C for 45 min at which time 3.8 mL (27.0 mmoi) 

of triethyiamine was added and the solution was allowed 
to warm to ambient temperature . The react ion was 
quenched with 1-To N HC1 and the aqueous layer was 
extracted witii three portions of methylene chloride; 
25 The combined organic extracts were dried over MgS0 4 and 
evaporated to dryness to give 1.6 g of the intermediate 
aldehyde. A solution oi this aldehyde (450 mg, 1.86 
mmol ) was treated directly with 710 mg (1.95 mmol) of 
( carbethoxyethyl iderie) tr iphenylphosphorane in 5.0 mL of 
30 methylene chloride. The resulting reaction mixture was 
stirred at ambient temperature overnight and was then 
poured into water. The layers were partitioned and the 
aqueous layer was extracted twice with methylene 
chloride. The combined organic layers were 
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driea over %SO^. aid concentrated to' yield the enbate 
\"; " ; 7 '3jl'^cbnfcaiMiag J 'ra'- Mxhr^' amo^fc the"-2^ isomer, ' - t h nmr 
consistent : with structure. > 

- 5 ' : / ; . --cvctohexvD I ^2 -met^vl^rbp^ 2 - e-rin -pj :li35) ; «pb a 

^ • solution -Of 8 6 0 mg (2.6 ^i^i%J.ioii^ncAi^ ^34 in 5.0 mL 
^ V : bf ~ -anl^drouis; tefcrahydtof^ added 50 mg 

— ^ vfl.^irantol) 1 of lithium aliiMzmm l hydf the 

■ ^ 30 min. The 

10; reaction was quehched -by ; the- slow addition of /Saturated 
Rochelle 1 s salt and "diluted with ethyl : acetate . The 
layers were separated and the aqueous layer was 
extracted with two portions of ethyl acetate. The 
combined organic extracts were washed with both water 
! ^ Evaporation and 

■ " : ^ / ^f lash ^cteomit bgraphy (eluiticm^ acetate in 

, < U ^ 1 H " NMR 

- /-v r consistent wit^h striibfeure^ .;>i<: 

- - : v : : ' -fg) -3 - Hraris- (4 - fte*t^Bii^ 
20 Wldtie^^ To a -78 °C. 

7 : ^solution of oxaljrl chloride ^( 105 /it 1 ;2 mmol ) in 1. 0 

. - r^-^inLUpf methylene 
: ' (170 ../iLT^2^ soiutipn was stirred 

V ^^for1.m& a# (fo 6^ of the alcohol 135 

25 * was " added in*-iv0'-'^ The 

reactioh f nrixtu^^ at 
which time ^SbO fih : (3 .5 ; mmol^ ^ s added 

and fche solutibn was all6we& to Waim to ambient 
temperature. The reaction was cnienched with 1 . 0 N HC1 
and the aqueous layer was extracted with three portions 
of metfiylerie- chloride. Thd combined organic extracts 
were/d2^ed xjv^r ^ to give 



30 
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the crude aldehyde 136 which wa^ uis d directly in the 
y ne^ reaction, 

(R and SY- (E) -1- ftrans-i 4-tert-Eutvldimethvl- 
y silYloxvcvclohexv lVT-2-methvl"6»phenvlhex-'l-en-3-ol 
. 5 (1371 . The alcohol vi3f7 wa^s {^egar^dvf rem the crude 

r aldehyde 136 and 1.5 ml* ( rmmo>l) of 120 in 2.0 mL of 
THF as described above for the synthesis of alcohol 121 
in Example 1 to give 220 mg of tfte crude diastereomeric 
alcohol 137 . Flash chromatography (elution with 20% 
10 ethyl acetate in hexane) afforded 146 mg of the alcohol 

137 as an oil. 1h NMR ; consistent j with structure. 



(R and S\~tE\-l-r r trans- ( A^tfert-Butvldimethvl" 
silvloxvcvclohexvl V1-2-methvl-6-phenvl-3-hex-l-envl 
^ (S\ -N- (3 U . 6-trimethoxvphenvlalvoxvlVpipecolate (138V. 

15 To a solution of 73 . 7 mg (0 . 2 2 mmol ) of : acid 127 in 2 . 5 

mli of CH 2 Cl2 at room temperature was added 30 ML (0.34 
mmol) of oxalyl chloride and three drops of DMF and the 
reaction mixture >ras allowed jtp stir at room s 
^ temperature for 0.5 h and was then ppnceritrated and 

20 suspended in JL> 0 mL of benzene . To this suspension was 

added 43.4 mg (0 41 nrapl^of alcohol 137 and 28.8 mg 
(0.22 jMnpl) pf silver cyanide. The resulting mixture 
was heated at refl^ overnight, cooled to room 
temperature and conpentipated . Flash chromatography 

25 (elution with 4% acetone in hexane) gave 17 . 5 mg of the 

ester 138 as a mixture of diastereomers . 1 H NMR 
consistent with structure . •- • • 



30 



(R and S)-(E)-l-f trans- (A -Hvdr oxvey c 1 d- 
hexyin-2^methvl^6-phenvl-3-hex-l"envl (S) -N- ( 3 . 4 , 5- 
tr imethoxvphenvlalvoxvl ) pipecolate f 8 ) . To a solution 
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; c of 17 .5 mg (0 i 02 ^inmbi) - of' -theVieister 13B in l . o mi of. 

CHgGNcat / roora*tentperature • was^ added;* 10 drops of a 1 "95 : 5 
*s solutions of .GH3(^: 5% >HP,:andr the- resulting mixture was 
< stirred at rpbm tenperature ; f orfeo ; 5- hi 5 JThe reaction 
. mixture: was neutralized: with saturated K 2 C0 3 and 
cextra^ted^vinto^ther; -The ether layefi were washed 
%i th eater, dried ; over ?1#S0 4 and concentrated to yield 
7.2 mg of crude material. Flash Chromatography 
.•(elution^M in hexane) gave 4.9 mg of the 

diastereomeric -alcbhoi 8 as a mixture of rotamers. 1 h 
?v : : l,1^ ^500MHZ, 4*G%K « ^38-7102 (ni) , ^. 35-5 • 01 fmj , 4.62- 
# 4 . 53 im) , : - 4 ; 2« CtJ V '3 - 95 (s) ^3\89«Sfy 3 . 87 (s ) 3 . 86 (s ) , 

:,3.85(;s), 3.81(s)> 3.55(in),;V3 3;20(m), 3.10- 

■ ^ 2&om^2.6o^^ 1-95 (d)> 185 . 

15-.v- • -~ 1:40 (in) ; 1^39-1^02 (m)-. ? :/ r 



;10 > 



20 : > 



>5 




i^-- -'-i*- : ■ -' • Example . S . , , . 

SYPthesiiBx of ^ R an ^ ^. n.iondn-. vrv- v. rhenv1 ., ow 

N-Methyl^N-Methoyv-4W3-'inrin1 y 1 Ibutvr^^ Ho 
To a slurry - df 1 . 75 : -g : (8 1 61 -mmol^ of 3- 



; indol^ebutyric -acid-- (Mdri^ Chemical ^CB . j ■ i n 
l acetonitriie at room .temperature was added 7 . 0 mL (40 .2 
mmol.) of N, N-diisppropylethylamihev 3 ; 8 ^g- (21 . 5 mmol) * 
of N,N-dimethylhydroxylamine hydrochloride and 4.19 g 
'.-(*. 5 mmol) of = benzotriazol-i^yloxy-tris (dimethylamino) - 
phdsphonium hexaf liubrophosphate: ; f (B0P reagent } and the 
resulting- mixture was allowed ' to- stir at room 
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temperat^e overnight and than concentrated to 
dryness. The~ residue vasVdissolved ;I|itto ethyl acetate 
and washed - with .water # 0. 5; N HCl, saturated NaHCQ 3 and 
: , brine and; then dried over MgSO^ - and concentrated . 

5 Flash chromatography (elut ion with a gradient of 2-10% 
! e chloride) prpvided 2 -0 g of the 

amide 139. -H NMR consistent with structure . 

Benzvl^3- f 3-indolvll propyl ketone (14 0^ . To 
a solution of 447 mg : 

10 of THF at -78 °C was addedyl.31 m^ of 

benzylmagnesium chloride X 1.0 M in Et 2 6) and the . 
reaction mixture was allowed to warm to room 
temperature and stir for 3 h. The reaction was 
quenched with 5% KHS0 4 and -extracted into ether . The 

15 combined ethereal layers were washed with brine and 

dried over MgS0 4 . Flash chromatography (elut ion with 
25% ether in hexane) gave 108 mg of the ketone 140. 1 H 
NMR consistent with structure. 

• (R and: S> -5- (3-indolvlV-l-phenvl-2-pentanol 
20 (141) . To a slurry of 105 mg (0.38 mmol) of ketone 140 

in 3.0 mL of MeOH at 0 °C was added 30 mg (0.79 mmol) 
of solid NaBH 4 and the resulting suspension was allowed 
to stir to quenched 
with 5* acetate. The 

25 combined organic extract^ were washed with brine and 

dried over MgSO^. Flash chromatography (elution with 
4% ether in methylene ch^Qride) gave 81 of the 
alcohol Ml as a white solid. NMR consistent with 
structure. - • 'H •:, " 

30 (S) -B oc -P ioe col v 1 - ( R and SY ^5- ( 3 -indolvl ) *!■ 

phenvl-2 -pentvl ester ( 142 ) . The * ester 14 2 was 
prepared from 80 mg (0.29 mmol) : of alcohol 141 , 82 mg 
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10 



is 



20 



(0.36 mmbl) of fSX-BofeVjpipecblic acid; 66 mg (0.34 
xmolt -of EDC and -^a ?cat:aiytic ; . ambunt ! of .4 - . : 
pyrrol idinopyridine 4-n 2.0 mL of CH 2 C1 2 (mixture was 
allowed to stir overnight at room temperature) as 
described above for the synthesis of ester 122 in 
Exampre,, ! . ' ?. Flash •-chromatography (elution with 4:10:26 
ether: ^ !r ;methylen%. chloride: hexane) gave 108, mg of the 
diastereomeric es|er M2 as a white foam. A E NMR 
consistent with istructure. 



(R and .<?V-5- n-li^olvi.) -i -phenyl -7 -por^yi 
. (g) -pipecolate- hvdrochloririA s alt. fi4^ ) a^Ky^^ Hcl 
was bubbled into a solution of 103 mg (0.21 mmol) of 
the ester 142 in 10 mL of EtOAc at -20 'C for 10 min 
and then the reaction mixture was purged with N 2 . 
Concentration |aye 108 mg of the crude amine 143 as the 
hydrochloride ; salt . -H NMR consistent with structure. 



; : . ::":~;r; • (fr and si if-indoivii -i -phenvi .-> . r o^ Y i ■• 

-N- C3-. 4 .S-trilri^thrivYphenvlarl Y" *vl > «i p n rolafcgM r ) , 
" - Slurry ;bf ■''lb% / ;mg-:^:%te ; crude amino hydrochloride 

■ ■: 1M in CH3CN at \ ! room^ temperature was' ' a&ded : 9 i /ul '- {0. 52 
- mmol) " of ^ N;N4diisoprbpyi4Shyraitd.ne, 76' irtg ( 0 . 31 mmol) ! 

' ; '' ^'; V ; o£;; ' aci ^ Jiirand ili mg 16.25^ nAol) of' ! 'tJe BOP : reagent 
:C; and ^ the ' Jesuit ing^m^ure^w^ 'ai room ' 

: J £em^ratiire : forSwo days ^ w& c&ncentrated to 

.25 * -^ dryness - [ the residue was ^reconstituted; ! into 75 mL of 
•' • et h^3? 'acetate' and then %e§uent iall Washed wi th water, 
: - ^ Sir" l^O^r saturat^ and irinV ancTthen di&ed 

. over MgS0 4 ' aid cbncehtr^^^ Flash ^chromatography • 

• (elution with 4'% ether *»; methylene chloride ) gave 56.7 

CDCI3) * '7.98 (d) ',' 7.56(f) , 
7.38, -6.73 (in) ; 5: 38-5;l4 (m) , 3 :901m) 3 '. 38 (brt) ) 3 . 10 
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(brt) , 2v97 r 2.6g(p^ 2.31(d) , 2vl0 (d) # 1.98-1, 17 {m> , 
0 .;8 (m) . ^Rf p v 51 v{ 10% ether in methylene chloride) . 




Example 6 ■ ■ ..v',.,-., " 

Synthesis of (R and SV -2 -Benzyl - 4 -phenyl - 1 -butvl IS) * 
5 N- ( 3 . 4 . 5 - trimethoxvphenylalvoxyl ) pipecolate 1 16 ) . 

^ / li? and S) r.2 - Benzyl - 4 -phenyl * l r butyric acid 

(144) . To a solution of 1.06 g |6.43 mpol) of 4- 
pheny;lbu tyri c a&^d^ in 20 mL • of THF at 0 °C was codded 
193 -mg X6i.A3;m^iy of solid. : NaH f ( 80% < in :i mineral oil ) . 

10 After stirring at 0 r °C f or ,0.5 h, 3.2 inL {6 .43 mmol) of 
l ithiugi diispgropyl am^de - THF .complex ( 2 * 0 M ) was added 
and the resulting ired solution was stirjred at 0 °C for 
45 mi^. - ^ (6.43 mmol) 

. of b^zyl b^ allowed to 

15 stir overnight at room temperature. -The reaction 

mixture was quenched, by the slow addition of saturated 
" NaHCp 3 and thei* washed with ether. The basic extracts 
were acidified with solid KHSp 4 and partitioned with 
ethyl age tate. The combined orgaoiip extracts were 

20 washed with brine, dried over MgS0 4 and concentrated to 
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*\ . give: 48.4 :mg of the acid ,144^ - V H KMR consistent with 
•J "A- H- structurally' "^H"'^"'' \.^V" 's- : ty : ^'^^'~>i^'. ■ ■ " - 

/AL -5.;; : : 2- v /('ft; gnd SU^^Benzvl -4>nhenyl ^ i -butanol fug.) _ 
C a^sql^tion:^ :-.bf ; .acid 144 in 3.0 

■S^..:^^ xnmol) of 

the 

^resulting solution, was allowed ^td warm to room 
tempeirature ; and stir, v oyemighti ;v The Reaction mixture 
; ./ i was .^eiitched by the slox addition o£ Rocheile ' s salt 
10 ry > an<| -partitioned with, eth^;- The cc^ined* ether : 

. over,. MgSO^ andvc 

(elution with /2%i^t her in methylene-rchlbride) afforded 
, , 264, mg of the alcohol ^fl c ;» consistent with 

- :-- v^-> • f gl - Boer Pipecblvl - (J? % and ^7V#^ »Benzvl - 4 » 
phenyl -1-butvl ester 1146V. Th* »«t-»». t££ 
;^ V prepared: froia:264>;mg. (1 ^ 10 mmol) . of alcohol 145 . 302 mg 
■ U -3£ ?mmpll of ^ (S) -Boc-L-pipecolic acid; 253 mg (1.32 
20 mmol ) v pf EDG and- a; cataly ti c antount of r 4 

pyrrol i di nopy r i dine .;• in > ,2 • 0 mL of ^ (mixture was 
allowed to stir at room temperature for '3 days) as 
described above foa^ the synthesis of ester 122 in 
Exampl^ i^ Flash chromatography (elution with 1:5:14 
ether: methylene chloride: hexane) gave 375 mg of the 
diasterepmeifip estei?. 146. 1 H NMR consistent with 
structure. -r j ' ; ' /. - • 

(R and \g) '2-Ben2r yl^4>phenvl*i-bntYl 
{S) -pipecolate hydrochloride salt fi47V. Anhydrous HCl 
was bubbled into a solution of 375 mg (0.83 mmol) of 
the ester 146 in 10 mL of EtOAc at -20 °C for 10 min 
and then the reaction mixture was purged with N 9 . 
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Concentration, gave 352 mg of the crude amine 147 as th 
hydrochloride salt. 1 H NMR consistent with structure. 

; U;c %J \\ fj? arid ^^T-Benz^^Dhenvl-l-butvl (S) -N- 
(3 , 4 . 5-trimethoxyphenYlalvbxvl) plpecolate (16) . To a 
r 5 slurry of 54 rag (0.14 mmbl ) of the crude amine 
hydrochloride 147 in 2.0 i&L of CH3CN at room 
temperature was aiddedv 60 jtL: (0v35 Stool y of N # N- 
diisopropylethy lamine> 50 mg (0 .21 mmbl ) of acid 124 . 
and 73 mg (0.16 mmol) of the BOP Reagent and the 
10 Resulting mixture was -stirred for 3 days at room 

temperature and was then concentrated to dryness. The 
- residue was reconstituted into 7 5 mL of ethyl acetate 
and then sequentially washed with water , 5% KHS0 4 , 
saturated NaHC0 4 and brine and then dried over MgS0 4 
15 and concentrated. Flash chromatography (felut ion with 

2% ether in methylene chloride) gave 52.7 mg of the 
i diasterepmeric amide 16 as a to^ mixture. NMR 

(500 MHZ, CDCI3 6 7 . 21-7.01 (m): , 5 ,41 (brs) , 4.21 (dd) , 
4 . 08 (dd) / 4 .12 (d) ., 3 . 88 (d) > 3 .95 (s) , 3 . 91 (s) , 3 .49 
20 (d) , 3 . 39 (dt)y 2 . 80-2. 62 (m) 2 .38 (birt) , 2.09 (br s) , 

1. 8701/. 20 (m) . : Rf 0V9 (1: 3:26 Methanol:: 0 
ether: methylene chloride) . ^ ! ?qy:r 
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Example 1 



v :£v ;r w ! 



■ STf^^f^i^K'^;? 1 ^- C.-^%g™mi?teh--'9t- ..4 . 6 g,;;. 
. v.. ' v ' 2 ^F*?i>:r?f i^-(^^^!T : ^)fW]triphenylphos- 

..- ; v ? i Senium ^ ^^^.(A^ii^ Chemical Co.) in 50 mL of THF 

? .-, V£ ad J ed . ^9 • ^n»ol), s of^ n-butyl -lithium ■ 

% v\; :^(! * r ; M. i$&%?Jgjg& f resulting red solution was' . 

10 allowed to stir at 0 ^ for -O^hV^^.'this. solution 

:^ d S^v. 60 ^/^^^^J),? f 2-pyridinecarboxaldehyde ■ 
- (Q^ic* Chemicai 3 qo . ) ;^e;reactipn mixture was : 
'>f: ; -ji-rt^^^ and was 

.... m:. ^g&JPTO^'^^ . 
combined .e^her extracts w.ere dried -over MgS0 4 and 
. concentrated., ^lasjh Phrpn^tography' (elution with 3:1 
hex a n e:ethyl . a^tate) g a V e ; ( P . 43 g pf JB~3~ ( l , 3 -dioxari- ■ 
2-yl)rf- (2ji^iay^^ £ UM); : and X. 12 g of s-3- " 

20 NMRs consistent with 1 ;s1^^^^^„v'\- .-. 

• .u. ; " - ^ ; ^ 

..^ .1^^.. ^ . 2 mmol) of .. -V- 

; ^.: : o: !:?f in 4P v a P d (lP^g»g : Vo^ljO%'' pallium. carbon was 

'■■ 'i'K-J'^"^ 1 ^. a \ ^ ream ;: hydrogen gas, for a period of 

25 » ih "| ^ ^tio|) mixture. was c then through 

; ce 4it e and r co ; npent?^ to . g£ye . 805 ;! mg, of "the acetal 

^ :^: a c ^ r l*M» s Pil^-„^NMR consistent with 
structure. : 

?° ,s.Plution of 420 mg (2,i2 mm6i) of acetal .150 in 4.0 mL 
of. THF and 3 ..p mL, of 4N HCl, was. stirred at room. 
, tei?pera1;ure ; f o?. 1.5 h an4 ¥w then neutralized by the 
slow addition of solid NaHC0 3 . The reaction mixture 
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was extracted with ethyl acetate, dried over. MgSO^ and 
concentrated to yield 288 mg of the aldehyde 151- 1 H 

: . : i. / ^ '^' ^(p -Vwri ^^i^henvl^7-r2^t >yi-idyl^ -4-heptanol 
5- ' Y152V. The alcohol 152 was r prepared from 288 mg (1.93 
: nmbij' r>'f aldehyde 151* and 2.3 mL (2.3 mmoi) of 120 in 
3.0 mL of THF as described above for -the synthesis of 
alcohol 121 in Example 1 'to ** give . 520 mg of the. crude , . 
:r alcohol .152. ''k NMR^ consistent with structure. 

10 (■<V^B < Sc4-Pirf>co1vl-fJ? and S>-3-Phenvl-7-f2- ■ ^ 

- pyT^dvl V-4 Ih^vl ester : . 11531. The ester 153 was 

prepared from^ 520 mg (1.93 mmoi) of alcohol 152, 442 mg 
• ' : (1.93 mmoi) of (£) -Boc^L-pipecolic acid, 370 mg (1.93 
f' mmoi) of EDC and a catalytic -'ampurtt' of bMAP in 4.0 mL 

IS of CH 2 ci 2 and 4. 0 mL of DMF as" described above for the ■ 

. synthesis of lM' in ^^Ple' 1. "^iash Chromatography 
^ (eiution with 3Vi hexane: ethyl acetate) gave 740 mg of 
the dlasterebmeric ester 153 as an oil. 1 H NMR 
' consistent with' structure. 

( .<n -pibe^nl ate f 154 1 . The amine 154. was synthesi zed by 
: treating 740 mg (i.54' mmbl) ' of the ester 153 with 2.0 

mL of triiiuproacetic "iBid in 5. 0 xSL o f CH 2 Cl 2 as '■: •-. 
described abbve" f or ihe preparation' of 121 in Example 1 
:; 25 giving 580 mg of the dxasteteomeric amine 154 as an 
■ oil. • H NMR consistent /with structure. 

(R and SV^l-Phenvl-7^/ 2-pvr idvlV-4-heptanol 
(s\ -N-methvibxalvTpipeeolate Y 155) . To a solution of 
48 mg (0.13 mol) of the amine 154. in 1.0 mL of CH 2 C1 2 
at 0 °C was added 3 3 >L (0.19 mmbi) of N,N- 
diisopropylethylamine and 14 (th (6.15 mmoi) of 
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methyloxalyl .chloride and the resulting solution, was 
warped; to .rppm . te^eratur^ ^ and allowed to . stir 

aeetete'yH?ashe^ brine, dried 

..5 c over MgSO^ .and? then .concentrated. Flash chromatography 

. (elutioh J -with?25 -30*- ethyl; acetate: in, hexane) gave 49 
iv... ,,\ m g? Qp, tfa e ; dla'stereomeri'c^amide' 155 as a miyi-iir» of 
rotaihersv -, ^H~NI^:e£^i8^e^t-^w£th'''st£iueture.' 

' ■ arid^'g)^! -Phehvl - -Mr a -f»y^ idvi r -4 - h» r f ar ^i 

10 ' : ' ^N^ rfr^t-butvlaivoxvl) -niy ieeolat^ (?i )- To . a : 
. "• : j v .'. solution of the alnide , 15_5 in .1 . 2 m£ of ' THF at -78 °C 
'■ v ' vas added tert- butyl- Id thium dropwise until TLC .' showed 
sthe consump t ion of "the" -starting material . \ The reaction 
■■c ^ mixture was quenched? with saturated NH 4 G1 and 
1S..-.->? partitioned with- ethyl race Gkte*: The \conibined organic " ■ 
extracts were washed with^brineV; dried over MgS0 4 and ■ 
concentrated.- Flash chromatography (elution with 30% 
ethyl acetate in hexane) gave the diasteromeric amide . 
21 as a mixture of rotamers . NMR (500 Mhz, CDClg) 6 
Q^U^b:^ 5.23 (d), 5.18 (d), •< 

4.56 (d) ; 4.44 (br d) 4;i3^ Id) ; 3.69 ;(br d) , 3.37- 
■vd 3 .28 (m)S 3 . 13 -3 .00 (in) , 2\ 85-2 .70 (m) , 2 .65-2 .54 (m) , 
■ --2-. 38*2 8*5 : (m) , Iv82*I>65(ro)> i. 56-1 ^4(mj, ; 1. 55 - ■■ 
•'i..30(m)-!, : •^.27--(s);^-i-.21^ (sO : f :.••>.>;.. ... 
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' ■ i ■ -'--r ■ * Example? 8 ,?■'„: :■-■■■>■■ ; ?. ■ 

- jgynthesis of f SV^r 2^bxb-2^ fa f4 . 5-triihethbxv- 

phPnyl ^ acetyl Tpiperidine-2^carboxvlic acid (R and S) - 
iW3-phehvlprc^ ester Y9K 

5 (7? atiH gV-3^ia : 3^Dioxan-2-viy-l- (3-pvridvl) - 

i>propene f 156K : To = a suspension of 9 . 9 g (22 . 4 mmol) 
of [2^(1, 3-diqxanr2^yl) ethyl jtriphe^ylphosphoniiim 
bromide (Aldrich Chemical Co. ) in 5Q mL of THF at 0 °C 
was added 14.0 mL (22.4 mmol) of butyl lithium (1.6 M 

10 in v hexanes) and the -resulting red solution was allowed 
to stir at 0 *C for 0,5 c^Pov. :this solution was added 
1. 8 mL (18 * 7 mmol) of 3Tpyridinecarboxaldehyde (Aldrich 
Chemical Co . ) and the Reaction mixture was allowed to 
stir at room rtemperatiire f or 1. 5 h and was then poured 

15 into water and partitioned with ether. The combined 
£ther extracts were dried over MgSQ 4 and concentrated, 
, Flash chromatography (elution with 2: 1 hexane: ethyl 
acetate) gave 3. 3 g of the alkene 156 as a mixture of 
olefin isomers. *H NMR consistent with structure. 

20 i>M .3-Dioxan^2^vlW3-f3^pvridvlVpropane 

M57 ) , Through a solution of 3.2 g (16.7 mmol) of 
olefin 156 and 300 mg of 10% palladium <m carbon was 
bubbled a*.- steady stream of hydrogen gas for a period of 
10 min. The reaction mixture was then filtered through 

25 celite and concentrated to give 2.8 g of the acetal 157 
as a colorless oil. f 1 H NMR consistent with structure/ 

4 - r 3-Pvridvl V -rl-butvraldehvde ( 158 Y . A 
solution of 1.5 g (7.8 mmol) of acetal 157 in 10.0 mL 
of THF and 10.0 mL of 4N HCl was stirred overnight at 
30 room temperature and was then neutralized by the slow 
addition of solid NaHC0 3 . The reaction mixture was 
extracted with ethyl acetate, dried over MgS0 4 and 
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: ' cbncentratea ; to yield "IvlVg- of thfe aldehyde 158 .. 1 h 

•"" ';^ ; .^'- r NMk cofcsisterrt::^^ 

f* and 5) -l-Pherivl-7- r3^nvr idvl^4-hep ^anr*r 
■( 159 ) * The alcohol fl.59 was prepared from l.l g (7.4 
5 mmol) of aldehyde 158 and 8.1 mL (8.1 mmol) of 120 in . \ 
30; b mL of THF is described above for the synthesis of 
121 in Example 1 to give 1.9 g of the crude alcohol 
159 .- NMR consistent with structure. 

( S) -Boc-Pipecolvl - (R and S) -l-Phenvl-7- >3- 
10 pvridvl) -4-heptvl ester rifiOl , The /ester 160 was 

prepared from 'i;^65 g (6.12 mmol) of alcohol 159. 1.54 g 

-g : ' (6-73 • 

im in 8 .0 mL 

;pf CH2CI2 <*nd 8 . 0 mL of jDMF as described above for the 
3 ^Y^th^sis of ' Jj£ " 111 "tta^lG^ m Flash chromatography 
fe^^l?** vil* 2:1 h^anef: ettyl y ^tate)lgave 1.42 g of 
. ; the diastereomeric ester 160 as an oi 1 . 1 h mwp 

.... _ , v ; - ^cqnsist(?nt with structure. - -; : ' ' ; \-' - 

2 9 ■ fS) -pjpecolate f 1611 : The amine 161 was synthesized by 
, tasting 1 .4 2 ^g [2 .95 mmol ) Jof t ;the ' ester 160 with 2.0 

^ as 
. desct^il^ed above ^pr the preparation of 1 123 in Example 1 
, / • . : ^ giving 1.02 g of the 4iastereqmeric amine 161 as an 
25 oil.;.; Jfl NMR, consistent with structure . f. 

fi? and Sl -l-Ph^ 
f5)-N-f3,4.5-^^ /Q) . 

The ester 9 was prepared from 995 mg (2.61 mmol) of the 
amine ,161 , r 645 mg (2.87 mmol) of the acid 124 and 551 
30 mg (2.87 mmol) of EDC in 6.0 mL of CH 2 C1 2 as described 
above in, the synthesis of ester 3 in Example l. Flash 
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, chromatography; (elutipn with. 3:1 acetone : hexane) gave 
976 rag of thev 

rotamers. 1 H NMR consistent with structure . 




'. 4 Example 9 

5 synthesis of (R and S\ ^l^Ph envl^?^ M-Pvridvl) -4-hePtvl 

<S) -ti- (3 . 4 > 5-trimethoxvphenvlcflvoxvl^pipecolate 
- oxide r221. X ' v. .v.-'* 

? a \'* " TR and sV-i-PfaehVl;^ 
. ■ rsV-N-(3 . 4 . 5-ti^tmetn^ 
10 oxide (22 V. To a solution of 15 mg (0.02 mmol) of the 

amide $ in" 

added 9 . 3 /iL (0 . 03 : iaiibl) 6f 55* 3-chIbroperoxybenzoic 
acid and the resulting solution was allowed to stir 
yj pVeriiight at rbom tel^eratSare^ Flash chromatography 

15 (^iution wi^h 100% acetone) gave ^^^^ the N-oxide 

' 22T as a mixture of rotamers. T H (5*d^z CDC1 3 ) 6 
^ stlO (m) , -7 /4 6-7 .02 (m) , 5 . 88 (d> > 5 . 80 (d) r 5 . 06-5 .00 
^ (s) , 3.84 

(s) , 3 .83 (s) , 3 . 81 is) , 3 . 78 (s), 3 .50 '<br d) , 3 . 27 
20 (d(W> f 3.12 (ddd) / 3 - 00 (ddd) ; 2 .67-2 .49 (m) , 2.32 (br 

d), 1.86-1.78 (m), 1.5501.50 (m) , 1.39-1. 22 (m) . 
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<*^-.- .*. <• Example 10 

Synthesis of / R and ; 5Wl^Phenvlrr7^pu rinvl-A^hpi P ^Y^ 
i f s ) 7**~ ! 3 ' * ' 5 " t T r fog^g^^^ggvlglvo^lf pipecolate ■ (25 T, 

^ ^ ^ • r ^ ^ i 4^ChlorQbutv^aldehvde - (162) ^ ^ * solution 
5 rof 19.1 g r (0 . 16 mol ) of 4 -chlord-l-butanol (Aldrich 

• Vv / v va. Chemical Go^;rin- 50^ Of if^CH^Gi^ at 0 ?C was added 1.0 

- ^ 9 of: powdered 4 A aolecular sieves; and 38 . 7 g (0.18 

r «nol>7 v of^pyri^ 
- V- - -suspension; was stixred, ^at* .0 ° C f or 45: min . • The 
"yy 10 f u i reaction ^mi^ure wa^ 
/through; ce^^ 

- vacuum: ;<disti^^ 0 g of 
-aldehyde £62 as Sh^oil; I^INMR;: consistent with 

■"■ ; ^ structure . ^ ./H-Y- -^u ■xi-a' vfet^^-^^-r ^ . . '• ' 

15 ( R and -l^Chloro-7 -Phenvl-4 -hept and 

: ; (163 ) . The ; : : alcohol :l^ was A prepared from 182 mg (1.7 
: M ytiv jmol ) of ^aldehyde M 62 v arid 1^9; mli ^i^ q ^mr>i ) of 120 in 
f x 20.0 mL • of THF as described above for thfe synthesis of 
^ f ^ in Example i to £ive 12 8 mg of the a 1 cohol 163 
20 (flash ^ in 100% methylene? chloride) . r H 

; --cbrisls^ 

(S) -Boc -Pipecblvl- f J? and S) -l^Chloro^l^ 
%*xfoej^ The ester 164 was 

: ; pr^ated ^ 161/ 156 mg 

25 |0.68 i^oiy o acid> -13*0 mg (0.68 

mmol)-< of ; EDC and a catalytic amount of 4- v - 
: pyrrolidinopyridine in 2.0 mL of, CH^Cl^ as described 
above, for this synthesis of 122 in Example 1. Flash 
chromatography: (elutipn with 1:5:14 ether: methylene 
30 chloride: hexane) gave 159 mg of the diastereomeric 

ester 164*" *H NMR donsistent with structure. 
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( S) -Boc-Pipecolvl- (R and S) 
purinvl-4-heptv3 esiier (165) . To a solution of 34 mg 
X0.28 mm room 
temperat\ire was added 8v4 mg C0.28 imol) of solid NaH 
-5 (80% in mineral oil) and the resulting solution was 

allowed to stir at room temperature for 10 miri. To 
this reaction mixture was added 62 mg (0.14 mmol) of 
the ester 164 and 10 mg of NaCl and this mixture was 
stirred overnight at room temperature and then 

10 concentrated to dryness. The residue was dissolved 

^ into ethyl acetate/ washed sequentially with water, 
saturated NaHCOg , and brine and then dried over MgS0 4 
and concentrated. Flash chromatography 1 
15* 5: 10: 85 NH 4 OH:MeOH: CH 2 C1 2 iii CH 2 C1 2 ) gave 56 mg of 

15 the substituted purine 165 as an oil. NMR 

consistent with structure. 

> and s>^i-Phenvl-7-r?urinvl-r4*hept vl (S)- 

pjpecolate hydrochloride s alt M66V. Anhydrous HC1 was 
: . . : , bubbled into a solution of 53^7 mg (0.10 mmol) of the 
20 ester 165 in 10 ml of EtOAc at ^20 ?C for 10 min and 

then the .reaction mixture was purged with N 2 . 
Concentration gave the crude amine 166 as the 
hydrochloride salt. 1 H NMR consistent with structure. 

(R and S) -l-Phenvl-7^>urinvlr-4 -heT>tvl (S)-N- 
25 /3 .4 . 5^tr imethoxyphenvlqlvoxvl Vpi pecolate (25) . To a 

slurry of the crude amine hydrochloride 166 in CHgCN at 
room temperature was added 45 /iL (0.26 mmol) of N,N- 
diisppropylethy lamine , 37 mg (p. 15 mmol) of acid 124 , 
and 54 mg (0.12 mmol) of the BOP reagent and the 
30 resulting mixture was stirred at room temperature for 
two days and then was concentrated to dryness. The 
residue was reconstituted into 75 mL of ethyl acetate 
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? . •: " ^ ^"1.5^1" ;*!^!«ti«il^'w^^:^tth^^^ 5% KHS0 4 ; 
J " \ 1 "'saturated - NaHCO^ and briiie and w then dried over MgS0 4 
V •;• and cphcenteated. "Flash chromato^pny (elution with 

; 5 ... oineric; amid¥ s 25?' as : a rbtameric 'mixture . 1 H nmr 

7.36-7^105^ 

^ (br J t)# 3 * 20 2.58 (m) , 2.28 (br d) , 2.17-1.18 <»)., 



15 



25 




acetyl Ip^rrfl^e^^^ rj? S u^ f I. ': 

■■• jst£ h r44 ??" 4 ^ narh0nYl 1 - 1 -^-" h '»"Y 1 p ronvT .1 hnhv! 

j 1 * - ;■ 4>r,Fogmv1 benzoic acid.methvl ester M en ) xo 
« . a; suspension <tf v y 5 i (^ 6 j^el) ?f ^.carboxybenzal- ■ ' 
dehyde (Aldrich Ch^ at 
0 »C was added excess trimethylsilyldiazomethane and 
: J.~ : ^ esui ^f "9 l^^e wa^ .allowed to stir at 0 »c for 1 

20 h - ? he ™ i ^ ure was >P ou red in^o saturated aqueous 

• ?NaHC0 3 and f extracted i^ee^imes with ethyl acetate. 

The coi^ined vorganic>exJtracts were dried over MgS0 4 , 
. filtered >and. concentrated to give 4. 3 , g| ; pf the ester 
1&7 as an oil. |h NMR .consistent .with the product. 

•• (E and *V*4-r-3-.M - 31-Diovr.l a n^2-v1-p T - o P envl1- 
benzoic acid methyl ester p*B) The olefin was 
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prepared from 4,3 g (26-2 npol) of the aldehyde 167 r 

/ 13,94 giof[l-fc 

phonium Jbromide and 12.6 mL (32,0 ljunQ^ o n-BuLi in 75 
mL qf THF as described of 156 in 

5 Example 8- Flash chro^ with 10% 

ethyl acetate in hexane) gav^ 3-27 g pf the olefin JLM- 
1 H NMR consistent with the product . 

4-r3-ri;31-Dioxolan-2-vl-proDvl^ benzoic acid 
TnAthvl ester (169V. The olefin 169 (3.21 g, 12.9 xambl) 
10 was hydrogenated over 328 mg of 10% Pd/C in 50 mL of 
EtOH as described for compound 157 in Example 8. 
Filtration and evaporation gave 2.85 g of 169 as an 
oil. 1 H NMR consistent with the product. 

T4-(3-b ;-3 TrrDioxan-2-vl-p ropvlVphenvll ■ 
15 methanol Y170) . To a solution of 2.85 g (11.4 iranol) of 

ester 169 in 25 mL of THF at 0 °C was added 4.4 mL 
(24.7 mmol) of diisobutylaluminum hydride and the 
resulting mixtyre was allowed to stir at 0 °C for 15 
: ;min. r tthe rea^^ 

with ethyl acetate. The combined organic extracts were 
Wied ovei? i^iS0 4 ^ fMterfei aWd concentrated to yield 
,;o■vw^^:u2v•5B g of tlie crude alcohol 170; a& arr oil. .^H NMR 
consistent with ^e products 

25 ^- ^ 

phenyl Vpropvl 1 - f 1 . 3 T^dioxolane (illfi To a solution of 
2w58 g (Hi6 mmol) of ' a^ g (17.5 

mmol) of imidazbli in 50 irifc of CH 2 CS1^ was added 3.4 mL 
(13 .i mmol) of tert-butylchlorodiphenyl silane and the 

30 resulting mixture was allowed to stir at room 

temperature for 1 h. The mixture was then diluted with 
ethyl acetate and washed with 0.5 N HC1. The organic 
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: ; layer was drieid over MgSQ 4 , f iltered Vand concentrated . 

y r , -yxisH''ch^ With 5% ethyl acetate in 

* il^aiie) afforded 55 i5^g of 1 R NMR^ cons is tent with 

1 " "the pirbduct. "v^'r^ rr: -S- /^ zir-F>/.J'x-;i:\ v 

5 ; • / ; : : f 4- r^tert^ r^loxvmethvlphenvl 1 

butvra ldehvde f!72K To a solution a. r ? -pi q 
mmol) of the dioxolane 171 in 40 mL of THF at room 
^ r ^teit^ 4 . ON HC1 and the 

".' '"" "V;- ; : "^ ;; 'res^^^ i h. "■■ : The ' 

io ; miictut^ was extraced with 

ethyl acetate and : conceirt^ 
' diskbi^d into is inL of d^ci 2 to which was added 600 
6g (i^ § ito^ 

te^-fe^ -Tlie Resulting mixture 

15 ; r was allo^Id to stir byemigfit at" room T temperafetire and 

wets then poured into 0 ; 5 N Hci 4nd extracted with ethyl 
ad filtered 
and concehtrated . • Flash chroma tb^a^^ (elution with 
8% ettyl abet^e in tiekariej g&Ve 2 . 12 gr of the aldehyde 
20 172 as an oil. 1 HNMR consistent with the product. 

c : : '; - • • :• * " ;> - >l " ' • • " — ; 1-V 4 ^tert^ 



/ c . "7;4»hWri^^ 173 was 

' prepared^ frbid 2.12 g - (5 to too i f of 172 -find 9 . 0 mL (9 

^^^' 3^ for the 
25 syritheisfs; of ^Lgl in ESfa^ 

" (^lutiori ; with I lb% eth^ gave 3 . 3 g 

of the alcohol 1^. ; c1 ia NMR consistent ^^^ W the 
prbdiict. - " '"" V':' ■"■Vf"- ■ ' 

(S) -Pip eridine-1. 2»dicarboxvlic acid (R and 
30 ' S\-2* r4-fr^ti^ -butyid^ i -i - 

1 ^3-phenvlpropviV butvll est£r l^tei^-butvl ester fl741 - 
The fester 174 whs prepared from 3.3 g (6^15 mmol) of 
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alcohol 173/1,7 g (7,4 imnol) of (S) -Bqc-pipecolic 
acid, 1-4 g (7.3 mmol ) of EDC. and a : catalytic amount of 
: DMAP in 3 5 mL ^ for the 

synthesis of 122 in example 1 . Fla^ 
5 (elution with 5% ethyl acetate in hexame) provided 2.4 

: ; . . g of the # ster IMv ^ consistent with the 
: - product. ? . \ ; \- — • '; '"V" 

(S) ^Pine^idine- 1. 2>dic^rboxvlic acid 1-tert- 
HiifyV ^.ster (R and S) -2 - T4- (4>hydroxvmethvlphenvl) "1- 
10 -phenvlnropvl ) butyl 1 ester 1175)^ ; To a. solution of 

750 mg ( 1 . 0 mrnpl ) of the ester ,£74. in ,10 mL of THF was 
added l.l mL ( 1 . 1 mmol ) of a solution of tetrabutyl- 
v ; ammonium fluoride (1 .0 M in THF) and tJie resulting 

mixture was allowed tp stir at: rq^ t^erature f or 15 
15 jtiin. The itdxture yas di luted th ethyl acetate/ 

concentrated^ F^ 20% 
ethyl acetate in hexane) gave ,308 mg of the alcohol 
175 . 1 H J^E consistent with the product. 

20 fgy-Piperidine-l.2-dicarb6xviic acid 1-tert* 

htitvl esrpr (J? and ^ : 2- f4- (4- carboxvnhenvl ) -1- (3- 
phenvlpropvl ) butvl 1 ester (176 ) . To a solution of 326 
■ mg (0.64 n^l), of tlie 3.0 mL of acetone 

was added 0.5 mL (1 . 27 mmol) of. the Jones reagent and 

25 the resulting iaixture was allowed to stir at room 

temperature f or 1 h # ; and was tlien f iltered through a 
pad of, cell te and concentrated . Flash chromatography 
(elution with 2% MeOH in CH 2 C1 2 ) gave 155 mg of the 
acid 176. ''h NMR consistent with the product. 

30 (S) -Piperidine-2-carboxvlic acid (R and S) - 

A- (4-carhoxvphenvl) -1- l3rphenvlproDvl)butvl ester 
Trifluoroacetat^ salt (177) / To a solution of 155 mg 
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£ (0.3 mmbi) of : : \^-^ci6^2J£^in' : -3:-j-t..njj:.pf - CH 2 C1 2 . was 

added i-50a fa df vtrif luojNDaceeic acSid and the resulting 
i ' ~ : ~ ..v- * "solut ion •%a#V^'3Tdyi^-^ga'» ! 8ti'Js •afe&rbbm {temperature- f or ■ 3' 
T .5.:-.- ih: at which time the vol at lies Were: removed in vacuo. 
5 .The crude residue ;was- suspended: in 5 . 0 . mL of dry 

benzene and the volatiles were removed to yield an 
anhydrous sample of the salt 177 . 

• "V^ f -1--T2-Q3cc>-.^- (3 .4 . S-^riroethovYphenvH - 
acetyl lpiperidine-2-carboyvlig ari* (r anfl <?V-4. (a. 
10 carbo^nenvl) -1^ n-ph^hvlproovl Vhiii-vl ester M7ji) To 

a suspension^ of 159 . (0.3 ratnol) of the salt 177 in 
2.5 mL of CH 2 Cl 2 at 0*0 was added 110 ( 0 .63 mmbl) * 
of N,N-diisopropylethylamine and then 40 pL (0.31 mmol) 
of chlorotrimethylsiiane and the resulting mixture was 
>5 allowed to stir at 0 >C for 30 min. To this soluti&n 
was added 85 mg (0.44 mmol ) EDC and 106 mg {0.44 mmol) 
of the acid. 124 and the reaction mixture Was allowed to 
stir at room temperature overnight. The mixture was 
diluted with ethyl acetate and washed with d. 5N HCl , • 
20 water, brine, dried over MgS0 4 and concentrated. Flash 
chromatography (elution with 30% MeOH in CH 2 C1 2 ) gave 
97 mg of the product 178 as a mixture of rotamers. *H 
NMR consistent with the product . V 

V*'- (g) -l- f2-6xo-2- (3.4.5- tr jm^thnxvphPnYl ) - 

25 acetvlTpiperidin e-2-carboxvlic acid (J? and S) -4- U- 

(morpMol ine- 4 -carbonvl ) Phen yl V- 1 - I % . phenyl p rn pyl ) butyl 

ester (44 ) . To a solution of 11.2 mg (17 /imolj of the 
acid .126 in 1.0 mL of CH 2 C1 2 was added 4.1 mg (21.4 
fimql) of EDC and 1.8 mg (20.7 jonol) of morphbline and 
30 the resulting solution was allowed to stir overnight at 
room temperature. Flash chromatography (elution with 
20% MeOH in CH 2 C1 2 ) gave. 7. 6 mg of the amide M as a 
mixture of rotamers. 1 H NMR (500MHz CDClg) 6 7.32 (d) , 
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■ 7..30 (d) ,. 7.26 (sb 7.21^7^-08 :(m) , ; 5,33 (m) , 5.01 (m) , 

»J^.i« • 4.92 (m) , :,3.92 (s)., 3.89 (sj , 3.88 . (s) ,, 3.87 (s) , 3.86 

- ;, I (s ) , 3. 85i (s) , 3 .81-3;53 (m),, v3 .42 (brd) , 3.29-3. 21 

: . (m) , 3.05 (m)v 2.61 (m) , 2.42 (dd ) , 2.31 (d) , 2.12 (m) , 

5 . YI>. 83 (m). > 1 73 - 1.42 (ra) , 1 .42-1 . 2:0 (m) . '' 
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rexampilte 12 *-''■> ; NMR -fij^Mt 



'■ ■■, -■ • r. : prepared other c(^ounds of formula . 

, jl), b>i^ m^bote si^st^ to those described 

'.->--{ .'• v . in ^ in 

'.}■''[ Sc ^ n ^ ' fel^ spectra* ^ compounds; 

■ summarized below^ Coi^oundV' are numbered according 

, (mixture. 

"■: ° f ^ i ? sterec " i f ± '® ' *n^ure of ' rbtomers) 6 8; 42-8 .33 (m) , 
10 ; T* 51 ^^ ' 7 -^ ( ^> ^^8 (s) X^3ijdi f 7.29^7.05 (m) . > 

.^:,v *^|f^^J fr60-3^51 (m) ,' 3:50-3 .45Jm) ,2. 65-2.51 (m) ,, ' . 
: ./^; 5 ^" 2 -/S % } ' ^^ 38 P " 2 - 2 2^») 2.p5(m) 1 , l.95(m) , 1. 81- " '. 
" ' ' 'f. - ' : i-68 (m)/ r.67-1.49" (m) ; 1.48-1^ ; \' v j. 

_ . J : " ^ ^ ( , : ^ - . ;.; , , ,, r ^ v ^-.f^¥*5^^ : 5 ^ J*^* (¥pi»4H^. ■ : CDCX3 ) (mixture ; 
b ° f t dia ^| € ^® < ??® rs ' mixture of rptcmers). 6 7 .39-6.80 (m) ■ 
^'C^'V^M^W (m) , 3.49- 

i. 61-1.42 (m), r 1^37-1.14 (m). ^ •' ^ ! ' V*^'''* • , ; ' 
20 ^ Compot^id ,6: r H 1^ (50PMH2 ;CDCl g ) , (mixture .. - 

of diastereomers, mixture of rc^pmers) ; 5 7.36-7.19 (m)-, 
■ 7 :'1*- 7 ;9? : W ♦••,£• 77 (t), 5.6S(m) , 5 '39 (in) , 4. 60-4.52 (m),' 
: ; , v 4-35 (mj , 3.93-|i82^ # . 

3 -^^^^C^ 2 .^ . 65-2 .58 (m) , ; . 

2.57-2.4,8 (in), , [2 U2'2.3.i;iim) : l 2.0^1. 94Jm), 1. 91-1 .21 (in) 
v ... i.ii r i.02(m) . ; . ." v *; 7* /.. ///\f '! •""■.'/ " ; '■'■.}; '" ,. . : 

.: Coinpottnd i 10:. ' ^'^(SOOI^^gxa^) t .~ {mixture 
rr : : i °f :^. ia ^ e ?^ 0 ^ e ^ ' < "^JF? rptomers) V 7.35-6.98 (m) , 

T H 5 ' 33 ( 0: -^ 3 ^'?# W % 52 (bd), 4.24(b^) ; ; 3. 97-3 .87 (m) , 
30 3,49 (t) , 3 .12 (g) ,. 3 ? 00-2 r 56 (m) , ,2.46 (t) , 2. 32 (d) , 

; J 2;i8(d),2.ia.(d), 93 (d)^ : 1. 83.-l.;S6 (m). , 1.. 55 -1 .38 (m) , 
1.32-1.18 (mj, 0.94-0.72 (m) . 
. Compound 12: , ,^H_ NMR(50pMH 2 .. |CDC1 3 ) , (mixture 

of diastereomers, mixture of rotomers) 5 7.37(s), 7.31- 
35 7.06 (m), 6.98<d),--5-.39(dd), 5.09-5. 00(m) , 4 .99-4 ^3 (m) , 



25 
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" . ; ' 4 .73 (d),,,.4.38 (m) , 3,98-3.86 (m) , 3.91 (s) , 3 . 50(d), 3.34- 
3.24 (m) , 3.09(t), 2.73-2.16 (m), 2 .02-1.24 (m) . 

Compound 13 : V NMR(500MHz CDClg) , (mixture 
of diastereomers, mixture of rotomers) 6 7.38 (s) , 7.29- ' 
5 7.21(mK 7.20-7. 03(m), 6 .99 (d) , 6. 88 (d) , 6.82-6.73 (m) , 

. 5.40-5.32(m), 5 .04-4.98 (m) , 4. 97-4 . 91 (m) , 4.61(d), 
4,37 (d), 3.93-3.83 (m) , 3.81-3.74 (m) , 3.53-3.47 (d,br) , 
3 . 32-3 .22 (in) » 3 .11-3 .04 (m) . 2.65-2.12 (m) , 1.97-1.21 (m) . 

Compound 14: 1 H NMR (500MHz CDCI3) , (mixture 
10 pf diastereomers, mixture of rotomers) 6 8.04(d) , 
7.97(t), 7.59-7.48 (m) , 7.47-7.41 (m) , 7,31-7.22 (m) , 
7.21-7.02 (m) , 6.98-6.91 (m) , 6.82-6.76 (m) , 5.43-5.38 (m) , 
5.12-5.03 (m) , 4. 93 (m) , 4. 65-4 .60 (m), 4.38 (m) , 3. 79 (m) , 
3.53-3. 48 (m) , 3.23 (q) ,' 3.11-2.99 (m) , 2.68-2.29 (m) , 
15 2'.19(t), 1.98-i.31(m). 

Compound 15: NMR(500MHz CDCI3) , (mixture 
of diastereomers, mixture of rotomers) 6 8.05-7.92 (m) , 
7 . 78 (d) / 7.47-7 .03 (m) , 6.42 (bs) , 5.33 (d) , 5.01 (m) , 
4.94 (m) ; 4.59(bd) , 4.32-4.14 (m) , 4.08-4.00 (m) , 3.97- 
20 3.84 (m) , 3.77-3.68 (m), 3.45 (bd), 3.17-3.08 (m) , 2,97 (t), 

2.60 (t) , 2.48 (t) , 2. 35-2.21 (m), 2.11(d) , 2.05-1.10 (m) , 
,: ■ 0.91-0l79 (m) . V' ' •' " ' ' , . ■- - ' .']■■ 

Compound 17: 1 H NMR (506MHz CDClg) , (mixture 
of diastereomers, mixture oi rotomers) 8 7.38-6.92 (m) , 
25 6.82-6.71(m) , 5.38-5.29 (m) , 5.06-4.85 (m) , 4.60(d), 

4.31(d), 3.94-3. 81(m), 3. 79-3. 70(m) , 3.51-3.41(m) , 
3.23 (t.br), 3.06(t), 2.62-2.22(m) , 2.15(d), 1.82- 
■' 1.29 (m) . . 

Compound 18: NMR(500MHz CDClg) , (mixture 
30 of diastereomers , mixture of rotomers ) 6 8^.55-8.38 (m) , 
8 . 08-8 .00 (m) , 7". 98 (d) , 7 . 68 (t) , 7. 59 (t) , 7 . 50 -7 .45 (m) , 
: 7.45-7.41 (m) , 7.29-7.25 (m) , 7.25-7.08 (m) , 5.40 (m) , 
5.11(m), 4.93 (m), 4.61(brd) , 4.38 (m) , 3.61(m), 3.51- 
3.46 (m) , 3. 26-3. 15 (m) , 3.08-2.96 (m) , 2.70-2.61{m) , 
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■ ■;c:*i--58.-.2:i*d , (a> ; ; '2,38 (brd), 2:i9(brd0ir li83-l;78 (n») , 1.78- 
1 . 59 (m)£ iv56-I;43 (m) ; ,.■ Iv4l^l*24 / {mj 
; v v; w~ '■ ;? '^H/SJ'JConp.cniiJd £i~9 :^^ 1 ^flQlR'($0bMHz-"CDCl3) ,• (mixture 

* of diastereomers , mixture, of rotbmers) ;S 8.52^8.49,(m) , 
5 8 . 04 (d) / 7 .'96 (a)?,' 7 . 64 ( t )■, 7 > 61^7 /57 (m) , 7 . 52 (t) , 7.46- 

; : : 7* 4 1 (m) ,7.2 6*7 . 22tm)V . I7(fc) , ;7 v 12-7 . 08 (m) , 5 ; 4 1 (d) , 

> 5.i2(m),^4.93'<m)> 4 .61 (brd) , 4 . 38 (d) ; 3 . 89-3 . 83 (m) 

-J. A > 3,67^3i63J(m) , 3. 53-3: 48 (m) , 3i28-3.19(m) ,. 3. 06-3. 00 (m) , 

: *~< ; ^vssifbrt) / -2 . 72 (brtji / 2. 65<brt) , 2 .52 (brt) , 2 .48 (brd) , 
16 : 2 . 2 1 (brd) V 1 i 89*1*73 (m) , ■ ii 73?lv70(ai)V*. 70-1 ; 48 (m), 

........... . 1.48^1.^3 (m).V.; V .V>' = ; •• ■■; •■ . ."• 

• - ? v v Compound '20: -H NMR (5 00MHz CDClg ) , (mixture 

of diastereomers,: mixture of /rotomers) 6 8. 50(d) , 
7.61 (dd) > 7 i 28-7 .25 (m) 7 . 21-7 ; 16 (ii) { 7 , 12 (dd) , 
15 5,3 8 { brd) , 5 , 09 -5 . 0 2 (in) , 4 iS3-4 . 90 (m), , 4.62 (brd) , 

4 ,34 (m) ; .3.94 (s) , ^^92{s),^91\sy^2.S0{s) t 3 . 89 (s) , .. 
yl- > : 3 , 49 (brddd) v 3 *2*(ddd) , 3v09 (dd) 2U&3 (t) ., 2.74 (m) , 
2 . 63 (brd) ,.. 2 . 49 (dd) , 2 . 36 (btfd) , 2. 19 (brd) ,1. 86- 
. 1. 70 (m) , 1. 70-1; 62 (m) , 1, 59-1. 52 (mj, 1. 48-1. 23 (m) . 
20 / • compound 2-3: 1 1 H^^^ ^mixture 

, of diasterebmers/ mixt^re'of ; rbtomers) S 8.30(d) , 

8.-28 (d) ; 7. 79(d) v 7.34 (S) ^ ,. 
5.33 (d) v 5, 06 (d) , 4 1 94 (in) 4 . 59 (d) , 4 . 42-4 . 10 (m) , 
•y 4V04 (s), 3v96(s) ,3.94 (s ) 3^ 91 (S) >«3 .'sl^s ) ,3.77(8), 

25 ^3 .48 fd) i 3 .27 (dtH 3 . 05 (dt) 2 . 67-2 J 47 (m') , 2 .32 (d) , 

2 . 14 (d) , 2 . 03-1 . 22 (m) , 0 I 94-0 . 81 (m) . ; 
* - ;: Cbmpound 26: r • H NMR(50bMHz CDCl 3 ) , (mixture 

of diastereomeSrs ,; mixture 'of "rotomers ) v 7 . 32 (d) , 7 . 2 7 - r 
' 6, 99 (m)f v 5. 34-5\28 (m) , 5. 0b (s>br) , 4i 61 (d) , 4 , 30 (d) , 

30 3 .92-3 18*(m) / ? 3 . 62 (tf, 2 .54-^2 . 48 (m) 2.'47-2-.39 (m) , 

2,34-2l22 (m) , 2.14 (d) , 1. 82^1. 14 (m). 

Compound 27: Vnmr (500MHz CDClg) , (mixture 
of diafeterebiers, mixture of rfotomers) f 8.46-8.38 (m) , 
r 7.68-7,56(m) ; 7.-49'*7>30^n) i"-7i2lf-7\T08^fi[|)V 5.48(») , 
35 i5.16-5.02i[m)^ 4.98 r 4V90Xm), 4.60(d^V 4.32 (d) , 3/51- 
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3 .42 (m) , 3 .26-3 .12(m), 3.11-2.98 (m) , 2.65-2.42(m) , 
2 .32 (d,br) , 2vl4 (d,br) , 1. 83-1.22 (m) . 

Compound 28; 1 H NMR(500MHz CDCI3) , (mixture 
of diastereomers, . mixture of rotaomers) 6 8.45-8.32 (m) , 
5 7.62 -7. 53 (m) , 7.52-^7.43 (m) , 7.42-7.05 (m) , 6.09-5>98(m) , 

. ,5.44-5.25 (m) , 5.09(s.br) , 4.92<s,br) , 4.64-4.51 (m) , 
u , 4.31(d), 3.50-3.41 (m) , 3.24-3.12 (m> , . 3.07-2.94 (m) , 

2.68-2.45(mj , 2.32 (d,br) , 2.14 (d;br) , 1,83-1.26 (m) . 

Compound 29 : 1 H NMR (500MHz CDCI3) , (mixture 
10. of diastereomers , mixture of rotomers) 6 8.44-8.37 (m) , 
7.58-7,51 (m) , 7.50-7.08(m) , 5.35(t,br) , 5.10 (s,br) , 
4 . 93 (s , br) , 4.68-4. 54 (m) , 4.32 (d) , 3.51-3.42 (m) , 3.25- 
3 .12 (m) , 3.00 (q) ,1 2.69-2 .45(m) : ,. 2*38-2.29 (m) , 
2.14(d,br), 1.82-1.20(m) . 
15 Compound 30: 1 H NMR (500MHz CDCI3) , (mixture 

of diastereomers , mixture of rotomers) 5 7.35 (s), 7.29- 
7.20 (m) , 7.19-7.02 (m) ,•• 6.89 (m) y 6 . 77 (m) , 5.34 (d) , 
5.03(m), 4.91(m), 4.61(d), 4.33(d), 3.95-3. 88(m) , 
3.48(d), 3 .31-3.21 (m) , 3.05(t,br) , 2.87-2.43 (m) , 
20 2.32 (d.br) , 2.18 (d,br) , 1 .,87.-1.21 (m) . 

Compound 31: NMR (500MHz. CDCI3) , (mixture 
of diastereomers, mixture of rotomers) 5 8.00(s,br), 
7.34(s,br), 7.31-7.02(m). 5,34(8^), 5. 31(s,br), 
5.03 (s,br) , 4.92 (d,br) , 4.61(d,br), 4.33 (s,br), 3.96- 
25 3 .84 (m) , 3.48 (d,br) , 3.24 (s,br) , 2.76-2.42 (m) ; 
2.32 (d,br), 2.15{m) , 1.87-1.20 (m) . 

Compound 32: 1 H NMR(500MHz CDCI3) , (mixture 
of diastereomers, mixture of rotomers) fi 7.38 (d) , 7.30- 
7.08 (m) , 7.07-7.03 (d) „ 5. 35-5. 31 (m) , 4. 98(m) , 4.88(m) , 
30 4.59(m) , 4.31(m) , 3 . 97^3 . 86 (m) > 3 . 46 (d,br) , 3.29- 

3.18(m), 3, 04 (m), 2. 65-2. 42 (m), 2 .35-2.22 (m) , 1.83- 
; 1.14 (m) , 1.10 (m) . 

Compound 33: *H NMR(500MHz CDCI3) , (mixture 
of diastereomers, mixture of rotomers) 5 7.38 (d) , 7.32- 
35 7.24(m) ;> . 7.24 (d) , 7.21 (d) , 7.01(s) , 7.00(s), 6.02- 
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' 5 .99 (m) ; 5 . 92-5. 88 (in), 5 . 38 (3) ", 5 -^elo^, • 4 . 70 (ABq);, 
4;69 (ABq) ; 4 .64 (ABq) ,.' <J . 32 (brd) , 3. 91 (s) , 3 . 89 (s) , 
^88(^) ! ;; 3r74(s) , 3:73^)?^3^48(brddd) , 3. 3 6 (brd) , 
• 3 .20 (ddd) 5 ; 3 ! 06^2^97 jjii) ,*2T62 (t^ *2^58(t) , 2 ,38 (brd) , 
2 -2l (*rd) / 2 :ti6-i. 04fa),\ 1.90-1 .74$u)~ i . 73 -1 i 4 6 (m) , 
1 .38-^1 . 33 (in) V 1 .24 (t>] ^ : 'V. ' ' r -'"^ ; ' , ' 

Compound ; 34:-. % NMR(5001&z C&C1 3 ) , (mixture 
of di'asterebmers , . mixture 1 "of 'rotomers) 6 7.33 (s) ^ 
/ 7l 30 (d) 29 fe) V^28^7 ^d(m) , n f il8-7^ljl (m) , 6. 95- •• 
6 . 9 0 (m) ^ 6 . 83(d) V; € ♦ 82 (d) , 6 . 31^6 .$8 (m) / 6 .02-5. 91(m) 
5i 43-5. 4b (k)^^2l (dd) 1 , ■ %v53 (dV/ 3^91^)^ 3.89(S), 
3.86(s), 3.85(s) ; 3^84ts)^ 3v76(&) f J3^>l(s) / 
3-45(brddd), ^3.4b(brddd|, 3. 28 (ddd), 3. 15 (ddd) , 
3;t)2(ddd) / 2.62((dd) ,■ 2.4b(brdj , 1.94-1. 89(m) 1,8 7 - 
1 .67 (m) / • l .65-^1 . 5b (m) • '■' "A . 

'/:' , Compound 35 : *H Mr (500MHz CDC1 3 ) ' (mixture 
of diastereomersf, mixture of rotomers ) S 7.3 4-7 .29 (m) , 

7 ' 2 *~ i : 1 * ^ 7 ltH6 * 93 ( n V ;5^5-5. 28 (m) , 5.09-4 .98 (m) , 
- ! ; '4^0(ah^^4^4 iM'^n) '\ ^.'^(m)^ ;; 3^'95-3j^8l(m),;-- . 
3 .16 (t , br) , ; 3 . 31-3 .19 (m), 3 . 03 (m) ,/ ; 2 . 66-2 . 38 (m) , 2.34- 
2 .25 (m) , 2 . 16 (m) , 1. 85-1. 19 (m) . ""• 

C^poiind 36: 1 H jOTte(5p 0MHz CDCI3) , (mixture 
6f diastereomers , mixture of ' rotpmers) / .7 ,93-7, 81 (m), 
7.78| S ) / 7.41-7. 0i(m^ 5.32^8^) , 5.£2(s,br) , v 4,90 (m) , 
4 . 58 (d) , 4:31(5, br), 3, 95-iV80^(^ , 3.22(t) , 

3-05 (m) , 2.72^2.48 (m) , % 47(d) , 1 183-1. 43 (m) , ; 1.42- ' 
1.1* (m)7 A"/! '' "• : *A. y ; *;••:/•//••"• :-' < ; '' V; '/-A ' - '" ."' 

. . , : • . p°?P ouna , 37 : J H ^^i 5 ? 01 ??? 9 Dc l3) / (mixture 

<ii^ter^c^eirs #: rm±a^u^e; of rotomers) f 7.38(s) , 
7 . 30 (S) , V. 30-7. 02 (in) , 7 , 01(s)/ 5 . 80-5. 83 (m) , 5 . 68 (dd) , 
5. 62 (dd) 5.38 (d) , 5.36(d) , 4 .66 (s) , 4 .65 (ABq) , 
4 .54 (s), 4. 32 (brd) , 4 . 28 (brd);, 3 .90 (s) 3 .88(s) , 
3 . 86 (s) ,3. 85 (s) , 3 . 84 (s) , 3?78 (s) , 3 . 76 (s) , 
3 .43 (brddd) , 3.39(brddd) ,3.24 (ddd) , V.12 (ddd) , 
3.06(ddd), 2.97(dddJ , 2. 62(t), 2 . 57 (t) , 2 . 48 (brd) , 
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2.24(brd) ,. 2 . 01-1.94 (m) , 1.89-1.73 (m) , 1.72-1. 65(m) , 
■L. 65-1. 58 (m) ,.. 1 . 52 - 1 . 49 (mj , 1.40-1 . 33 (m) ,. 1.12-1.08 (m) . 

. Compound 40: 1 H .NMR(5O0MHz CDC1 3 ) , (mixture 
. of diastereomers, mixture c of rotomers) 6 7.36 (s) , 7.29- 
5 7.19(m), 7. 18 -7. 06 (m),, 6.89 (m) , 6.75 (s), 5.32 (s,br) , 

4.94(t), 3.95-3.84 (mj, ,3.46(d,br), 3.22 (m), 2.82(t), 
2.61(!t), 2.30(m)., 1.82-1.19(m). 

Compound. . 41 : *H J^(500MHz Q3CI3) , (mixture 
of diastereomers, mixture of rotomers) 5 7.37(d) , 7.29- 
10 7.08 (m) , 7.64 (d) , 5.34 (m) ,. 4.97.(m) ,. 4.61 (d) , 4,33 (m) , 
■ 3.96-3.88 (t), 3.86(d) , 3.48(d),, 3.25 (m) , 3.09<m) , 2.65- 

2.52<m), 2.48(m) , 2.32(d), 2.18(d) , 1.86-1.49 (m) , 1.48- 
1.15 (m) . ' y J ' 

Compound 42: 1 H NMR(500MHz CDCI3) , (mixture 
15 ■ of diastereomers, mixture of rotomers) 6 7.34(d) , 
7.2 (m) , 7.13 (m) , 7.0-7.1 (m) ,, 5. 87 (ml, 5.32 (m), 
5 .22 (dd) , 5 . 12 (dd ) , 5 . 0 (m) , 4 . 89 (bm) , .4 . 57 (bd) , 
4.30 (bm) , 3.80-3.95 (m)J 3.45 (bd)., 3.40 (m) , 3.32 (m), 
3.22 (dt) , 3 . 05 (bm) , 2 . 60 (in) , 2 . 52 (bm) , 2.44 (m) , 
20 2.30 (m) , 2.15 (bin), 1..75(m), 1.60(m) , 1.54 (m) , 1.20- 
\ ? " •■i;4S(lam)7';;-"'-;^ 

Compound 43:. NMR(500MHz CDClg) , (mixture 
of diastereomers, mixture of rotomers) : 5 7.36-7.30 (m) , 
7.29-7.20(m), 7*19-7.04 M , 
25 ; V 4.9i (m) , 4^59 (d) , 4 . 31 ( s , br ) , 3 .95 - 3 . 8 6 (m) , 3.47(d,br) , 
' ' 3 .25 (t ,br) , 3.14-2l90(m) , 2. 68 -2. ' 52 (m), 2.45 (t) , 
2 . 32 (d) , 2 . 18 (d) , • 1 . 85 - 1 . 46 (in) , 1 . 45 - 1 . 18 (m) . 

Compound 45 : 1 H NMR (500MHz CDCI3 ) , (mixture 
, of diastereomers , mixture of rotomers) 5 7.35 (d) , 
30 V 7.25 (m) , 7.15 (m), 7.10(d) , 7J. 05 (d)V 5.87 (m) , 5.38 (bd) , 
5.34 (in) , 5. 22 fed) , 5.14 (dd) , 4.95 (bm) , 4.88(bm) , 
4.58 (bd) , 4 .32 (m) , 3 '.82*3. 95 (m) , 3 .45 (bd) , 3 .40 (t) , ? 
3.25 (mj, 3.05(bm), 2.60 (bm), 2.44 (m), 2.34 (bd), 
2.18 (bd) , 1.78 (m), 1.48-1.70 (m) , 1.20-1.45 (m) . 
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; ' V'\ " ; -* 5 - '^J^arf':*6 ^ : ; ^kv^ (50QMP2 -CDCI3) » (niixture 

, •.. r i :,„ ; . ; ^ . 7.32 (s) , ■■- . 

:X ' ' [ " / 7l2 $<^ 5.38 (dd) , 

^ 3.2^(m), / 

2.35(Btr^2^ 

• y;T -^V'lf Confound 47^: ^-^{ffoo^i :tel 3 ) . (mixture 

&mo: ••• • , .^d^gtfretSne^ 

; - / 7.b6lm)% :-5\ 4% - 5 r3d (xnV , 5Vl2^^ , 
1 : ' T -$'.- J 3 - 82-3 . 19 (mj;; 2 . 72- 2^6 (m) ; 4 .9i%,22 (mT : - * v ', ' ' 

■ '; ''-v;'-'';^^ , (mixture 'V'' 

' ' of > diagtfereoiners , mixture: -br r^ fi 7 , 34 (d) , ' 

^ V^;"?^*^ 5VB8 (m) , 

' Si 32 (bt) v 5^ 2 «< d ^V 5.i4<ddn c 4,96<m) , 4^ ' > 

4.58(bd)i 4>30(b^ 3.38(t) , 

f ' V?v " ' 3 ' i32(t} ' 3.2fi{m) ; 3.05 (m) ; S 2i 60 <m) ; :• 2 : 32/(bd) , 2.i6(bd), 
;■ . l.^8(m) / i;48-l^72^m), I i 26^ii45(mi^ • : 

• •• of - 'dia&t erefamers , mixt^e of "rbtomers) 6 7.28-7.42, 

v V; 5 ; .77Hdd>, 5>37^ 4.94. 

25 • ?3 i74'(s) ^ 3:38-3. so;(brddy i rl 3^22^ ^lidddl, 3.15,' - . ' ' 

} 

■~ :; : J ; v ? r Coiti ^ ound 50i i- 1 » '^l5P0MHz CDClg) , (mixture . 
, >■■■> of diastereomers , mixture : of xbtomeri)^ 8" 7 . 34 (d) , 

' - 5 .22 (dd)V 5.15 (mj*, 5;00(m) / 4?58 (bd) , ' 4:30 (bs) , 3.74. 
: 3 .9S (m) , 3 .44 (m) ; 3 :2$ (bt) , 3 .04 (bm) , 2.62 (m) , 2.45^) , 

2.30(bd), 2.18(bd), l-88(m), 1.78(m)ri:46-1.72(m), 

1:22-1.45 (m) . r " 
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- Compound 51 :. v 'h NMIl (500MHz CDClg) , {mixture ■ 

- of diaLStereqmers, ? mixture of rptomers ) 6 7 . 34 ( s ) , 
\] .... s 7,25(m),,, 7.20(d) ,7.14 (m), 7,10 (d) iV:; 7;06(d) , 5.87(m) , 
5 . 78 (dt) . 5 . 68 (m) > . 5 .45 r 5, 60 (m) < j5;.3§|d);> 5.24 Cm) , 
, 5 , 5> 15(d)> 4i58(bd), 3.85-3.96(m):, S^S^m),, 3.24(m), 
, 3.04 (m) * 2,62 (m) i .2,56 (t) , 2.49 (dfc)^ 2 .34 (dt) , 
'[;■:■ 2.18 (bm) , 1.48-1; 82 (m) , 1.24-1.40 (m) ~ ^ 

Compound 52: 1 H NMR(500^z r CDCl 3 ) , (mixture 
of diastereomers, mixture of rotomers) 6 7,40-7.03 (m) , 
10 5 .38-5. 2.8 (m) ,. 5 .02 (s,br) ,, 4.90 (m) , 4. 60 (d) , 4 .32 (s , br ) , 
3 . 99-3 .87 (m) , 3 . &6-3 ,31 (m) ; , 3. 30-3,21 (t,br) , 3.11- ■ 
3 . 02 (q , br ) : , 2 . 63 - 2 . 50 (m) , 2.47 (m), 2.32(d) , 2 . 14 (d) , 
■ : l,89-l r 48,(m) : , 1.47-1,21 (m). r v 

if'^X:^ Compound 53 : , 1 H NMR (5 0 0MHz • CDCI3 ) , . (mixture 

15 of diastereomers,, xnixture, ^ 

. 7.35(d) , 7.30(d) , 7.28(b), 6*60 (d) , 6 ,55 (d) , 6.52 (t) , 
. 6.49,{t) , 5.86 (q), 5.78 (q^, 5.4? (d) » 5^8 (s) , 4 . 64 (bd) > 
V 4,35 (m) , 3.88-3.98 (m) , 3 .46 (bd), , 3.21((|t.X, 3.05 (dt) , 

2 .36 (bd) , 2.18 (bd) , 1 . 8 0 (m) , . 1 . 74 (bd) , ; i .64 ( S ) , 
. 20 1.56(d^^ 

V Compound 54 : 1 H jpR.(S00^z CDCI3) , (mixture 

of diastereomers , mixture of rotomers) S B. 52 (m) , 7.82- 
7.71 (m):, 7,. 70- 7. 62. (m) , 7.55^42 (m)^^ 7^ 3 8? 7. 01 (m) , 
'. 5.36-5.29(m) 5.01(ra). , 4,.9p (m) , 4.79-4.67,(m) , 4.59(d), 
25 4.39-4.li(m)„ 3.96-3.73 ; (in) ,^ 3.44(d) i: 43^22(t) ,3.09- 

, 3.p0 (g»br) , 2.,72r2.41(m) , 2.3^ (d) , 2 ;14 (d) , 1.86- 

1.43 (m) , 1.42-1. 02 (m) , 0.98-0.73 (m) • .' - / "-'\ 

Compound 55 : 1 H, NMR(500MHz CDCI3) , (mixture 
of diastereomers,. mixture of rotqmersj! d 7 .38 (d) , 
30 ; ^ 

4.59 Cm) , 4 . 30 (m) , 4 .08- 3 . 51 (m) , 3.46 (d) ,.; 329-3.18 (m) , 
: 3.11-2.98 (q.br) , 2,81-2.32 (m.) , r 2.30(d) , 2.14 (d) , 1.84- 

/,..:■■■ 1-19 (m). , >; 

Compound 56: 1 H NMR(500MHz CDCI3) , (single 
35 diastereomer, mixture of rotomers) 6 7.39-7.30 (m) , 
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7.27-7.20(brs), 7.20-7. 15 (brt) , 7. 14- 7 . 06 (brd) , 5.81- 
5.78 (brt). 5. 77- 5 .72 (brt), 5.34-5.30 (brd) , 5.28(s), 
4. 60-4. 55 (brd). 5.33(brs), 3.91 (s), 3.88 (s), 3.80(brs), 
3.79-3.48 (m), 3 .47-3.30 (brd) , 3 .28-3.20 (brt)., 3.01- 
5 2.94(brt), 2.66-2.60(t) , 2.59-2.54 (t) , 2.42-2.35 (brd) . 

2.25-2.19 (brd) , 2.04-1.93 (ill) , 1.89-1.73 (m) . 1.72- 
1.65(m), 1.64-l.57(m), 1.54(brs), 1.39-1.25 (m) , 
1.20(brs). 

Compound 57: *H NMR(500MHz CDCI3) ' (mixture 
10 of diastereomers , mixture of rotomers) 6 7.32(d), 7. 31- 
7.01(m), 5.31(m), 5. 00 <m) , 4 .90 (m) . 4.59(m), 4.30(m), 
3.93-3.83{m). 3.82-3.63 (m) , 3.49-3.38 (m) , 3.22(t), 
3.10-2.98(t), 2. 68-2.21 (m), 2.12(m), 1.82-1.21 (m) ! 

Compound 58: 1 H NMR (500MHz CDCI3) , (mixture 
15 of diastereomers, mixture of rotomers) 6 7 .33- 7. 01 (m) , 

5.31;m), 4.99(m) # 4.89(m), 4.59 (d) 4.29 (m) , 3.92- 
3.84 (m), 3.83-3.64(m), 3 .55-3 .28 (m) , 3.22(t), 3.04(m), 
2.63-2.22(m), 2.14(d), 1.81-1.21 (m) . 

Compound 59: NMR (500MHz CDCI3) • (mixture 
20 of diastereomers, mixture of rotomers) 6 7.71-7.52 (m) , 
7 .42 (m), 7.39-7. 04(a), 6. 72-6.59 (m) , 5.32(m), 5.22(m),' 
5.11(m), 5.01(m), 4.99-4.90(m) , 4.69-4.52 (m) , 4.39- 
4.26(m), 3.99-3. 79(m), 3.46(t), 3 .22 (t) , f 3 .11-2 . 94 (m) , 
2.72-2.40(m). 2.29 ft), 2.20-2.11 (m) , 1. 88-1. 19 (m) , 
25 0.89(m). 

Compound 60: 1 H NMR (500MHz CDCI3) , (mixture 
of diastereomers, mixture of rotomers) 6 8.53(m), 
7.80(m), 7.72-7.53 (m), 7.39-7.03 (m) , 5.36-5.28 (dd) , 
5.12-4. 98(m), 4.92 (m), 4 . 79-4 . 52 (m) , 4.31(m), 3.98- 
30 3. 81 (m), 3. 45(m), 3.31-3. 19(q,br), 3: 11-3 . 00 (m), 2 .72- 

2.43(m), 2.31(d), 2.20-2.11(m) , 1 . 88- 1 . 22 (m) . 

Compound 61: 1 H NMR(500MHz CDCI3), (mixture 
of diastereomers, mixture of rotomers) 6 8.45 ( s ,br), 
7.60-7.49(m), 7.38-7.21 (m) , 5.38-5.31 (m) , 5.03-4 .98 (m) , 
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3.99-3.88(m) , 3.50(d,br), 3.29(q), 2.65(m), 2.38- 
2.31(m), 1.88-1.13(10), 0.92-0.74(m) . 

Compound 62: 1 H NMR (500MHz CDC1 3 ) , (mixture 
of diastereomers, mixture of rotomers) 6 8. 55-8. 65 (in) , 
5 7.32-7.40(m) , 6.80-7.00(m) , 5.74-5.78 (m) , 5. 62-5. 71 (m) , 

5.85-5.89 (brd) , 5.80-5.84 (brd) , 5.13-5.21(m) , 5.03- 
5.10(m), 4.77-4.81(dd), 3 . 87-3 . 94 (m) , 3.80(s), 3.79(s), 
3.72(s), 3.38-3.46(brdd) , 3 . 14-3 . 28 (m) , 2.66-2.83 (m) , 
2.48-2.58(m) , 2.28-2.48(m) , 1.32-1.18 (m) . 

10 Compound 63: n H NMR(500MHz CDClg) , (mixture 

of diastereomers, mixture of rotomers) 6 8.62(d), 8.61- 
8.58(m), 7.64(dd), 7.59(dd), 7 . 32-7 . 24 (m) , 7.12(d)', 
6.92(dd), 6.89-6.83(m) , 6.82(d), 6.79(d), 6.74(d), 
5.48(d), 5.07(d), 4.60(m), 4.44(brdd), 3.91(s), 

15 3.90(s), 3.86(s), 3.84(s), 3.83(s), 3 . 78 (s) , 3 . 44 (brd) , 

3.18(ddd), 2.92(ddd), 2.40(brt), 2 .32 (brt) , 1.89- 
1.70(m), 1.62-1.48(m) . 

Compound 64: 1 H NMR (500MHz CDClg) , (mixture 
of diastereomers, mixture of rotomers) S 8.59(d), 

20 8.58(d), 7.32-7.04 (m) , 6 . 99-6 . 80 (m) , 5.62(dd), 

5.61(dd), 5.38(dd), 5.06(s), 5.02(d), 4.99(d), 4.53(m), 
4.36(m), 3.91(S), 3.90(S), 3.89(s), 3.88(s), 3.84(s), 
3.69(s), 3.61(8), 3.46(brd), 3.41(brd), 3.24(dd), 
3.12(dd), 2.62(t), 2.58(t), 2.34(brt), 1.99-1.92 (m) , 

25 1.86-1.42(m) . 

Compound 66: 1 H NMR (500MHz CDClg) , (mixture 
of diastereomers, mixture of rotomers) S 8. 56-8. 51 (m) , 
7.35-7.28(m) , 7.27-7.22(m) , 7.14(s), 7.07(s), 6.93- 
6.88(m), 6.87-6.80(m) , 6.79-6.71 (m) , 6 . 65-6. 62 (m) , 

30 5.81(g), 5.71(g), 5.32-5.27(m) , 5 . 20^4 . 98 (m) , 4.57- 

4.47(m), 4.28-4.23(m) , 3 .92-3 .70 (m) , 3.40(brd), 
3.20(brd), 3.11(ddd), 3.00-2.89(m) , 2.33(d), 2.26(d), 
2.20(d), 2.07(d), 1.80-1.57(m) , 1 . 56-1 . 25 (m) , 1 ; 24- 
1.17(m), 1.13-1.00(m) . 
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Compound 67: NMR(500MHz CDClg) , (mixture 
of diastereomers, mixture of rotomers) S 8. 63-8.54 (m) , 
8.53-8.44(m) , 7.38-7.11(m) , 7. 10-6. 99 (m) , 6.78(d), 
6.72(dd), 6.63(dd), 6.53(d), 6.44(d), 6.14(dd), 
5 6.08(dd), 6.00(dd), 5.88(dd), 5.39(d), 5.31(d), 5.23- 

4.95(m), 4.61-4.50(m) , 4.32-4.29 (m) , 3.91(s), 3.90(s), 
3.88-3.74(m) , 3.71(S), 3 . 64-3 . 58 (m) , 3 . 47-3 . 38 (m) , 
3.37-3.32 (m) , 3.24(ddd), 3.13(ddd), 3.07(ddd), 
2.94(ddd), 2.62-2.45(m) , 2 . 38-2. 29 (m) , 2 . 20-2 . 11 (m) , 
10 2.00-1.88(m) , 1.87-1. 40(B) , 1. 39-1. 08 (m) . 

Compound 68: 'h NMR(500MHz CDClg), (single 
diastereomer, mixture of rotomers) 6 8.61(d), 7.38(d), 
7.31(s), 7.28-7.22(m) , 7.14(dd), 7.10(d), 7.04(d), 
6.83(d), 5.23(dd), 5.14(dd), 5.36(d), 5.11(brs), 
L5 4.58(m), 4.31(a) f 3.91(s), 3.90(s) , 3.89(s), 3.88(s), 

3.82-3.79(m) , 3 . 78-3 . 64 (m) , 3 . 51-3 . 44 (m) , 3.40(brd), 
3. 26-3. 10 (m) , 2.63(dd), 2.32(brd), 2.00-1.92 (m) , 1.88- 
1.40(m), 1.08-1.00(m) . 

Compound 69: 1 H NMR(500MHz CDClg), (mixture 
0 of diastereomers, mixture of rotomers) € 8. 60-8. 57 (m) , 

8.56-8. 53(m) , 7.38-7.35(m) , 7 . 32-7 . 17 (m) , 6.53(s), 
6.52(s), 5.83(q), 5.76(q), 5.38-5.32 (m) , 5. 17-5. 05(m) , 
4. 67-4. 60 (m) , 4.30-4.28 (m) , 4 . 13-4 . 08 (m) , 3 . 96-3 . 82 (m) , 
3.80(s), 3.45(brd), 3.28(ddd), 2.97.(ddd), 2 . 77-2 .72 (m) , 
5 2.53-2.43(m) , 2. 36-2 . 22 (m) , 2.15-1.92 (m) , 1 . 86-0 . 79 (m) . 

Compound 70: 1 H NMR( 500MHz CDCI3) , (mixture 
of diastereomers, mixture of rotomers) S 8.59-8.43 (m) , 

7.38-6.98(m) , 6.65(s), 6.57(s), 6.53(m), 6.43(m), 5.88- 
5.84(m), 5.68-5.64(m) , 5. 63-5. 59 (m) , 5 .58-5. 54 (m) , 
) 5.35-5.28(m) , 5. 15-5. 00 (m) , 4.99(d), 4.92(d), 4.58(d), 

4.51(d), 4.33(d), 4.26(d), 3.89(s), 3.87(s), 3.83(s), 
3.79(S), 3.72(S), 3.65(S), 3 . 45-3 . 37 (m) , 3.21(ddd), 
3.10(ddd), 2.95-2.83(m) , 2 . 62-2 . 42 (m) , 2.28(d), 
2.21(d), 1.92-1.26(m) , 1.17-1. I2(m) , 1.11-1. 01 (m) . 



WO 94/07858 PCT/US93/09145 

- 70 - 

Compound 71: NMR(500MHz CDCI3) , (single 

diastereomer, mixture of rotomers) 6 8.64(d), 7.35(d), 
7.28(s), 6.60(d), 6.55(d), 6.52ft), 6.49{t), 5.86(g), 
5.78(g), 5.42(d), 5.08(s), 4.64(bd), 4.35(m), 3.88- 
5 3.98(m), 3.46(bd), 3.21(dt), 3.05{dt), 2.36(bd), 

2.18 (bd), 1.80(m), 1.74(bd), 1.64(a)., 1.56(d), 1.48- 
1.55 (m), 1.40(d), 1.15-1.30 (m) . 

Compound 72: 1 H NMR (500MHz CDCI3) , (single 
diastereomer, mixture of rotomers) 6 8.62(d), 7.35(d), 

10 7.28(S), 6.60(d), 6.50(d), 6.45(t), 6.42 (t), 5.85(g), 

5.73(g), 5.40(d), 5.10(d), 5.04(d), 4.58{bd), 4.38 (m), 
3.92(a), 3.88(s), 3.82(a), 3.72(s), 3.50(bd), 3.30(dt), 
3.01(dt), 2.40(bd), 2 . 30 (bd) , 1 . 85 (m) , 1.64(bs), 
1.56(d), 1.48(d), 1.35-1.45 (m) . 

15 Compound 73: 1 H NMR (500MHz CDCI3) , (mixture 

of diastereomers, mixture of rotomers) 6 8.55- 
8.65(brd), 7 . 32 -7.42 (brdd) , 7.28 (s) , 7.20 (s) , 6.50- 
6.55{m), 5.72-5.87(m) , 5 .32-5 .39 (m) , 5.05-5.17 (m) , 
4.58-4.64 (brd) , 4 . 53 -4 . 58 (brd) , 4 .34-4 . 36 (brd) , 4.25- 

20 4.29(brd), 3 .71-3 .96 (ma) , 3 .40-3 .48 (m) , 3.23-3.30 (ddd) , 

3.13-3.22 (ddd) , 2 . 17-2 .37 (m) , 1.10-1. 86 (m) , 1.48- 
1.52(d). 

Compound 74: *H NMR(500MHz CDCI3) , (aingle 
diaatereomer, mixture of rotomera) 5 8.62-8 .58 (d) , 

25 8. 57-8. 51(d) , 7.38-7.35 (d) , 7.33-7.28 (m) , 7.27(a), 

7.18(a), 6.61(a), 6.59(s), 5 . 65-5 . 60 (t) , 5 . 55-5 .50 (t) , 
5. 40-5. 36(d) , 5.18-5.05(m) , 4.67-4.63 (brd) , 4.33- 
4.30(d), 3.96(s), 3.93(a), 3.92(a), 3.87{s), 3.50- 
3.43(brd), 3 .25-3 . 16 (dt) , 3 . 05-2 . 97 (dt) , 2.32- 

30 2.28 (brd) , 2 . 14 r 2 . 08 (brd) , 1 . 95-1 .85 (m) , 1 . 84 - 1 .64 (m) , 

1.63-1.56 (brd) , 1.55-1.42 (m) , 1.35-1.23 (m) , 1.22- 
1.12(m), 0.92-0.83 (t) , 0 . 73-0 . 68 (t) . 

Compound 75: 1 H NMR(500MHz CDCI3) , (aingle 
diaatereomer, mixture of rotomers) 6 8.62-8.58 (m) , 

35 8. 57-8. 53(d) , 7. 41-7.39 (d) , 7.38-7.35 (d) , 7.27(a), 
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7.23(s), 7.13(s), 6.6l(s), 6.51(s), 5 . 60-5 . 55 ( t ) , 5.54- 
5.50<t), 5. 39-5. 35(d), 5.15(b), 5.14-5.10 (m) , 5.09(s), 
5.07(s), 5.01(s), 5.00(s), 4.60-4.55(brd) , 4.51- 
4.49(t), 4.40-4.38(brd) , 3.90(s), 3.85(s), 3.80(s), 
5 3.73(s), 3.48-3.43 (brd), 3 .30-3 . 22 (dt) , 2 . 95-2 . 88 (dt) , 

2.38-2.32(brd), 2.27-2 .22 (brd) , 1.90-1. 70 (m) , 1.69- 
1.62 (brd). l.S9-1.50(m), 1.46-1.35 (m) , 1.26(s), 0.90- 
0.85(t), 0.82-0.78(t) . 

Compound 76: 1 H NMR (500MHz CDC1 3 ) , . (mixture 
10 of diastereomers, mixture of rotomers) 6 8.95 (s), 

8.80(d), 8.55(m), 8.50(m), 7.34(s), 7.30(s), 7.28(s), 
6.76(s), 6. 73(s), 5.85(g), 5.77(g), 5. 40 (m) , 5.20- 
5.35(m), 4.60(m), 4.35(m), 3 . 85-3 .98 (m) , 3.80(s), 
3.48(bt), 3.18-3.30(m), 3.00(m), 2.40(bd), 2.32(t>d), 
15 2.26(bd), 1.65-1.90(m), 1.60(s), 1.55(dd), 1.48(d),' 

1.40 (m) , 1.12 (m) . 

Compound 77: 1 H NMR(500MHz CDCI3) , (mixture 
of diastereomers, mixture of rotomers) 6 8.43-8.53 (m) , 
7.20-7.56(m) , 7.04(s), 7.01(s), 6.75-6.92 (m) , 
6.62(brs), 5.78-5.85(m), 5.68-5. 77{m) , 5 . 80-5 .84 (brd) , 
5.02-5.12 (m), 3.76-4.00(m), 3.64-3.76 (m) , 3 .49-3 . 60 (m) , 
3.38-3.49(m), 3.32-3.34 (d) , 3.21-3.27(m) , 3 . 02 -3 . 18 (m) 
2.73-2.82(m), 2 .37-2 .53 (m) , 2.24-2.32 (m) , 2.20(s), 
2.15(8), 1.27-1.72(m) , 1.07-1.22 (m) f 0 . 92-0 . 97 (dd) , 
25 0.82-0.86(dd) . 

Compound 78: NMR(500MHz CDCI3) , (single 
diastereomer, mixture of rotomers) 6 8 .65-8 156 (d) , 
8. 55-8. 51(d), 7. 40-7. 35(d), 7. 34- 7.20 (m) , 7.16(s),' 
6.70-6. 60(m), 6.21-6.18 (d) , 6.15-6.11 (d) , 5 . 97-5 . 88 (m) , 
5. 83-5. 75 (m), 5. 45-5. 40(d), 5.32 (s) , 5 .28 (s) -, 5 . 27 (s) , 
5.21-5.18 (m), S.13(s), 5.11(s), 4 . 67-4 . 61 (brd) , 4. 51-' 
4.49(d), 4. 35-4. 33(d) , 4 . 05-4 . 00 (m) , 3.95(s), 3.94(s), 
3.90(s), 3. 84-3. 82(d), 3.81(s), 3.66-3.60 (q) , 3.50- 
3.45(brd), 3.40(s), 3.30(s), 3 .23-3 . 17 (dt) , 3.03- 
35 2.97(brt), 3.86-3 .8_0_(brt) , 2 . 60-2 . 55 (brt) , 2.50- 



20 



30 
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2.40(111), 2. 30-2. 25 (brd) , 2.20(s), 2 . 15-2 . 10 (brd) , 1.90- 
1.65(m), 1.64-1. 60 (brd) , 1. 56-1 . 43 (m) , 1. 36-1 . 27 (m) , 
1.26-1. 11 (m) . 

Compound 79: 1 H NMR(500MHz CDCl 3 ) , (single 
5 diastereomer, mixture of rotomers) S 8. 65-8. 59(d) , 

8. 58-8. 52(d) , 7 . 40-7 . 35 (d) , 7 . 32-7 . 28 (d) , 7 . 25-7 . 24 (d) , 
7.13(5), 6.65(s), 6.60(s), 6. 20-6. 18 (d) , 6 . 12-6 . 10 (d) , 
5.97-5. 90(m) , 5. 89-5.75 (m) , 5.43-5.38 (d) , 5. 33-5.20 (m) , 
5.16(s), 5.15(s), 5.10(s), 4.60-4.58 (brd) , 4.51- 

10 4.49(d), 4. 40-4. 38(d) , 4 . 05-4 . 00 (m) , 3 . 93-3 . 85 (m) , 

3.83(s), 3.82(s), 3.79(s), 3 .. 65-3 . 60 (q) , 3.50- 
3.45(brd), 3.39(s), 3 . 30-3 . 18 (m) , 2 . 95-2 . 80 (m) , 2.61- 
2.55(m), 2. 39-2.32 (brd) , 2.20(s), 1.90-1. 75 (m) , 1.74- 
1.66(m), 1. 65-1.60(m) , 1.59-1. 48 (m) , 1. 47-1. 31 (m) , 

15 1.27-1.22 (m) , 1. 20-1. 18(d) . 

Compound 80: 1 H NMR(500MHz CDCl 3 ) , (single 
diastereomer, mixture of rotomers) 6 8.62-8.58 (d) , 
8. 56-8. 52(d) , 7 . 40-7 . 35 (d) , 7.30(brs), 7.26(s), 
7.18(s), 6.62(s), 6.60(s), 5 . 72-5 . 68 (t) , 5 . 62-5 . 58 (t) , 

20 5. 40-5. 36(d) , 5.30(s), 5.18(s), 5. 17-5. 13 (d) , 5.10(s), 

4. 66-4. 61(br d) , 4-60-4. 58(m) , 4 .31-4 .29 (br d) , 
3.96(s), 3.95(s), 3.92(s), 3.87(s), 3 . 49-3 . 43 (br d) , 
3. 24-3. 16 (dt) , 3.04-2.96(brt) , 2 . 32-2 . 28 (br d) , 
2.17(s), 2.13-2. 06(m) , 2.91^2.85(m) , 2.81-1.64(m) , 

25 1.63-1.55(m) , 1.54-1.40(m) , 1.36-1. 00 (m) , 0. 93-0. 87 (t) , 

0.83-0.77(t) . 

Compound 81: NMR(500MHz CDCI3) , (single 

diastereomer, mixture of rotomers) 6 8. 62-8. 58 (d) , 
8. 56-8. 52(d) , 7 . 41-7 . 39 (d) , 7 . 38-7 . 35 (d) , 7 . 33-7 . 28 (d) , 

30 7.27(S), 7.23(s) , 7.11(s) , 6 .60 (s) , 6. 50 (s), 5.65- 

5.61(t), 5.60-5.97(t) , 5. 38-5. 35 (d) , 5.30(8), 5.15(s), 
5. 13-5. 10(d) , 5.08(s), 5.06(s), 5.01(s), 4.59- 
4.54(brd), 4 . 40-4 . 38 (brd) , 3.91(s), 3.85(s), 3.80(s), 
3.74(S), 3.48-3.42 (brd) , 3 . 30-3 . 23 (dt) , 2 . 95-2 . 90 (brt) , 
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2.38-2.32(brd), 2.18(s), 1.90-1.75 (m) , 1 . 74 -l . 46 (m) , 
1.44-1.10(m) , 0.94-0.88(t), 0.87-0.82 (t) . 

Compound 82: 1 H NMR (500MHz CDCI3) , (single 
diastereomer, mixture of rotomers) 6 7.28-7.35 (m) , 
5 7.26(s), 7.24(m), 7.14(d), 7.10(d), 6.65(b), 6.57{s), 

5.85(q), 5.78(g), 5.40(d), 5.13(s), 5.07(g), 5.04(s),' 
4.60(bd), 4.38(d), 3.92<s), 3.88(s), 3.80(s), 3.48<bd), 
3.26(dt), 2.95 (dt), 2.40(bd), 2.25(bd), 1.82 (m), 
1.64(bd), 1.56{s), 1.54(d), 1.46(d), 1.38(in). 
10 Compound 83: 1 H NMR( 500MHz CDClg), (single 

diastereomer, mixture of rotomers) 6 7.36 (s), 7.34 ( m ), 
7.27(m), 7.22(d), 7.13 (dd) , 7 . 08 (dd) , 6.65<s), 5.85(g), 
5.75(g), 5.40(d), 5.10(d), 5.04{s), 4.63(bd), 4.34(d),' 
3.95(s), 3.92(s), 3.88(s), 3.46(bd), 3.22 (dt), 
15 3.04(dt), 2.33 (bd), 2.15 (bd), 1.80(m), 1.70(dt), 

1.55(d), 1.46-1.58 (m), 1.36(d), 1.14(m). 

Compound 84: 1 H NMR( 500MHz CDCI3) • (single 
diastereomer, mixture of rotomers) 6 8.53(d), 8.52(d), 
7.42(d), 7.3l(s), 7.27(d), 7.17(8), 6.52{ABg), 5.81(g), 
20 5.74(g), 5.10(d), 5.04(s), 5.03 (s), 4 .58-4 .50 (m) , 

4.31(m), 3.9l(s), 3.88(s), 3.87(s), 3.85(s), 3.41(brd), 
3.18 (ddd), 3.00(ddd), 2.29 (brd), 2.12 (brd), 1.78- 
1.72(m), 1.68(brd), 1.52(d), 1.36(d), 1.32(d), 1.31(d), 
l.ll(m). 

25 Compound 85: 1 H NMR (500MHz CDCI3) , (single 

diastereomer, mixture of rotomers) 5 8.51(d), 7.42(d) 
7.31(a), 7.28(d), 7.25(s), 7.13(a), 6 . 58 (s) , ' 5 . 80 (g) , ' 
5.76(g), 5.33(d),. 5. 10(s), 5.02(s), 4.56-4.50 (m) , 
4.3l(brd), 3.90(s), 3.88(s), 3.81(s), 3.79(s), 
30 3.46(brd), 3.24(ddd), 2.90 (ddd) ,- 2.33 (brd) , ^^Ifbrd) . - 

1.85-1.74(m), 1.62{m), 1.51(d), 1.47(d), 1.31(d), 
1.29(d). 

Compound 86: 1 H NMR (500MHz CDCI3) , (single 
diastereomer, mixture of rotomers) C 8.61-8 .45 (m) 
35 7.38-7. 28(m), 6.68(s_), 6.49(s), 5.79(g), 5 . 61 (g) , ' 5 . 19 . 
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5.01(111), 4.72-4.63 (la) , 3 . 89-3 . 67 (m) , 3 . 65-3 . 45 (m) , 
2.85(t), 2.58(1), 2.39-2.23(m) , 2 . 11-1 . 92 (m) , 1.72- 
1.45(111), 1.39-1.16(m) , 0.89(m). 

Compound 87: 1 H NMR(500MHz CDC1 3 ) , (single 
5 diastereomer, mixture of rotomers) S 8. 60-8. 46 (m) , 

7.38-7.15(m) , 6.74-6.63(111), 6.62(s), 6.52-6.47 (m) , 
5.75(q), 5.61(m), 5.32-5.25(m) , 5. 15-5 . 01 (m) , 4.72- 
4.59(m), 3.93-3.80(itt) , 3.75(m) , 3 . 62-3 . 43 (m) , 2.39- 
1.55(m), 1.50(dd), 1.36-1. 21 (m) . 

10 Compound 88: 1 H NMR(500MHz CDCI3) , (mixture 

of diastereomers, mixture of rotomers) 6 9.16(d), 
8.74(d), 8.70(d) 7.85(d), 7.50(t), 7.27(d), 6.68(s), 
5.80(m), 5.70(m), 5.38(bd), 5.31(bd), 5.24(s), 5.20(d), 
4.60(m), 4.34(dd), 3 . 88-3 . 95 (m) , 3.84(s), 3.75(s), 

15 3.45(bd), 3.24(dt), 3.19(dt), 2.98(bt), 2.34(bd), 

2.30(bd), 2.22(bd), 1. 10-1 . 90 (m) , 1.52(d), 1.45(d). 

Compound 89: 1 H NMR(500MHz CDCI3) , (single 
diastereomer, mixture of rotomers) 6 7 . 36-7 . 22 (m) , 
5.43(d), 5. 36 (quintet) , 5.25 (quintet) , 4.60-4.35(m) , 

20 3.95(S), 3.91(S), 3.88(s), 3.03(d), 3.67(d), 3.47- 

3.40(brd), 3.24(dt), 3.07(dt), 2.38(brd), 2.22(brd), 
1.85-1. 60(m) , 1.58-1.25(m) . 

Compound 91: 1 H NMR(500MHz CDCI3) , (single 
diastereomer, mixture of rotomers) S 9. 01-8 . 93 (m) , 

25 8.78(B), 8.06(m), 7.75(s), 7.68(t), 7.61(m), 7.57(d), 

7. 51-7. 41 (m) , 7.28-7.19 (m) , 7.15(t), 7 . 12-7 . 05 (m) , 
7.03(s), 5.82(q), 5.73(t), 5.33(d), 4.55(d), 4.33(d), 
3.93-3.78(m) , 3.73(s), 3.43(d,br), 3.21(dt), 3.01(t), 
2.63(t), 2.58(t), 2. 39(d,br), 2.22(d), 2 . 09-1. 94 (m) , 

30 1.92-1.43(m) , 1.41-1.14 (m) . 

Compound 92: 1 H NMR(500MHz CDCI3) , (single 
diastereomer, mixture of rotomers) S 8.94(d), 8.8l(m), 
8.08(m), 7.75(s), 7.69(t), 7.55(d), 7.48(t), 7.42(m), 
7.31(s), 7.29-7. 07 (m) , 7.02(d), 5.81(t), 5.71(t), 

35 5.40(d), 4.56(d), 4.34(d), 3 . 92-3 . 79 (m) , 3.40(d,br), 
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3.11(dt), 2.96<t), 2.61(t), 2.50(a), 2 . 22-1. 91 (m) , 
1.90-1.35(111), 1.20(s), 1.02(m), 0.83(t). 

Compound 93: NMR(500MHz CDClg) , (mixture 
of diastereomers, mixture of rotomers) S 8. 62-8 .55 (m) , 
7.66-7.58(m) , 7.57-7.56(m) , 7 . 52-7 . 46 (m) , 7 . 40-7 . 30 (m) , 
7.29-7.20(m), 7. 19-7. 04 (m), 6. 96-6. 79 (m) , 6 . 77-6. 69 (m) , 
5.85-5.77(m) , 5.70-5.62(m) , 5.43-5.38(m) , 5 . 10-4 . 98 (m) , 
4.64-4.52(m) , 4.39-4.35(111), 4 . 08-4 . 06 (m) , 4 . 02-3 . 99 (m) , 
3.98-3.90(m) , 3.89-3.84(m) , 3 . 83-3 . 68 (m) , 3 . 48-3 . 4 0 (m) , 
3.l8(ddd), 3.l4(ddd), 2.96(ddd), 2.92(ddd), 2.68- 
2.58(m), 2.57-2.51(m) , 2.37(dd), 2 .24-2 . 11 (m) , 2.05- 
1.94(m), 1.89-1. 41(m) f 1.40-1. 23(a), 1.22-1. 10(a) .' 

Compound 94: 1 H NMR(500MHz CDClg) , (mixture 
of diastereomers, mixture of rotomers) 6 8. 61-8. 55 (m) , 
7.47-7.40(ra) , 7.38-7.02(m) , 6. 92-6. 88 (m) , 6. 87-6 . 82 (m) , 
6.81-6.71(m) , 6.68-6.64(ra), 5.77-5.72 (m) , 5.65- 
5.59(m), 5.40-5.36(m) , 5. 11-5. 04 (m) , 5.02(s), 4.97(s), 
4.58-4.52(m) , 4.36-4.33(m) , 3.87(s), 3.83(s), 3.77(s), 
3.70(s), 3.57-3.52(m) , 3 . 48-3 . 36 (m) , 3.24(ddd), 
3.12(ddd), 2.99(ddd), 2.81(ddd), 2 . 66-2 . 53 (m) , 2.41- 
2.31(m), 2.28-2.22 (m) , 2 . 02-1 . 92 (m) , 1. 88-1. 45(a) , 
1.44-1. 21(a) . 

Compound 95: 1 H NMR( 500MHz CDC1 3 ) , (fixture 
of diastereomers, mixture of rotomers) 6 8.91-8. 75 (m) , 
7.38-7.29(m) , 7.28-7. 02 (m) , 6.92-6.80(m) , 6 . 79-6 . 76 (m) , 
6.74-6.71(m) , 6.69-6.64(m) , 6 . 09-5 . 98 (m) , 5 . 78-5 . 70 (m) , 
5.65-5. 60(m) , 5.40-5.34(m) , 5 . 32-5 . 26 (m) , 5 . 19-5 . 13 (m) , 
5.09-5.00(m) , 4.63-4.52(m) , 4 . 36-4 . 32 (m) , 3 . 95-3 . 63 (m) , 
3.46(brd), 3.41(brd), 3.24(ddd), 3.12(ddd), 3.02- 
2.92(m), 2. 67-2. 45 (m) , 2 . 41-2 . 30 (m) , 2 . 27-2-.-21 (m) , 
2.20-2.12(m) , 2.01-1.90(m) , 1.89-1.04 (a) . 

Compound 96: 1 H NMR(500MHz CDC1 3 ) , (mixture 
of diastereomers, mixture of rotomers) S 8. 59-8.54 (m) , 
7.67-7.57(m) , 7.55-7.49(m), 7 . 47-7 . 38 (m) , 7 . 37-7 . 05 (m) , 
6. 95-6. 71 (m) ,.5.8.3_(t), 5.78 (t), 5.68(t), 5.65(t), 5.42- 
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5.37(m), 5.28(5), 5.23-4.95(m) , 4 . 62-4 . 52 (m) , 4.38- 
4.32(B), 3.93(s), 3.92(s), 3.88(3), 3.87(s), 3.47- 
3.38(m), 3.18-3.07 (m) , 2 . 98-2 . 87 (m) , 2 . 67-2 . 58 (m) , 
2-57-2. 50(m), 2. 41-2. 30(m), 2 . 22-2 . 17 (m) , 2 . 16-2 . 11 (m) , 
5 2.03-1.92 (m) , 1.89-1.21(m) , 1. 20-1. 09 (m) . 

Compound 97: 1 H NMR(500MHz CDCl 3 ) , (mixture 
of diastereomers, mixture of rotomers) 6 8.62-8.52 (m) , 
7.64-7.54(m) , 7. 52-r7. 46 (m) , 7 . 42-7 . 04 (m) , 6 . 97-6 . 78 (m) , 
6.77-6.70(m) , 6.12-5. 97 (m) , 5 . 85-5 . 76 (m) , 5 . 69-5. 61 (m) , 
10 5.46-5.35(m) , 5.33-5.24(m) , 5 . 10-5 . 01 (m) , 4 . 70-4 . 52 (m) , 

4. 39-4. 33 (m), 3.92(8), 3.91(s), 3.88(s), 3.87(s), 3.48- 
3.41(m), 3.18-3.10(m) , 2 .97-. 2.90 (m) , 2 . 67-2 . 57 (m) , 
2.56-2.50(m) , 2.42-2.31(m) , 2 . 23-2 . 10 (m) , 2 . 04-1 . 93 (m) , 
1.89-1.10(m) . 

15 Compound 98: 1 H NMR(500MHz CDCI3) , (mixture 

of diastereomers, mixture of rotomers) S 8. 59-8. 53 (m) , 
7.67-7.44(m) , 7 . 39-7 . 03 (m) , 6. 94-6 . 78 (m) , 6 . 77-6. 66 (m) , 
6.46-6.33 (m) , 6 . 03-5 . 93 (m) , 5.83(t), 5 . 78 (t) , 5 . 68 (t) , 
5.64 (t), 5.42-5.37(m) , 5 . 08-4 . 97 (m) , 4 . 92-4 . 66 (m) , 

20 4.64-4.52(m), 4 . 40-4 . 33 (m) , 3.94(s), 3 . 92 (s) , 3 . 90 (s) , 

3.88(s), 3.87-3.84(m) , 3 . 48-3 . 40 (m) , 3 . 20-3 . 08 (m) , 
2.98-2.88(m) , 2 .64-2. 57 (m) , 2.56-2.50(m) , 2 . 41-2 . 31 (m) , 
2.23-2. 17 (m) , 2.16-2.10(m) # 2 . 03-1. 92 (m) , 1 . 88-1 . 08 (m) . 

Compound 99: 1 H NMR (500MHz CDC1 3 ) , (mixture 

25 of diastereomers, mixture of rotomers) 6 8 . 67-8 . 58 (m) , 

8.54-8. 48(m) , 7 . 49-7 . 03 (m) , 6. 95-6.87 (m) , 6. 86-6. 82 (m) , 
6.72-6. 68(m) , 5.78-5.68(m) , 5, 63-5 . 57 (m) , 5 . 40-5. 31 (m) , 
5.14-4.93(m) , 4.59-4.51(m) , 4 . 35-4 . 30 (m) , 3 . 90-3 .78 (m) , 
3.73(s), 3.71(s), 3.45(brd), 3.38(brd), 3.22(ddd), 

30 3.11(ddd) , 2.99-2.91(m) , 2 . 67-2 . 48 (m) , 2 .42-2 . 39 (m) , 

2.26-2.18(m) , 2 . 17-2 . 11 (m) , 2 . 05-1. 92 (m) , 1. 89-1. 18 (m) , 
1.09-0.98(m) . 

Compound 100: NMR(500MHz CDC1 3 ) , (mixture 

of diastereomers, mixture of rotomers) 6 8. 63-8. 56 (m) , 

35 7.68-7.59 (m) , 7 . 57-7 . 40 (m) , 7 . 39-7 . 20 (m) , 7 . 19-7 . 04 (m) , 
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7.03-6.98 (m) # 6 .97-6. 81<m) , 6.78-6.71 (m) , 5.80(s), 
5.77( S ), 5.67(t), 5.62(t), 5 . 40-5 . 34 (m) , 5.27-4.94 (m) , 
4.62-4.52 (m), 4 .38-4.32 (m) . 3.94(s), 3.92(s), 3.91(8), 
3.88(s)- f 3.87(8), 3.82(8), 3.81(s), 3.47-3.37 (m) , 3.18- 
3.05(m), 3. 00-2. 90 (m), 2 . 68-2 . 50 (m) , 2.43-2 .29 (m) , 
2.22-2.09 (m), 2.07-1.95 (m) , 1.90-1.63 (m) , 1.62-1.20 (m) , 
1.14-1.02 (m) . 

Compound 101: 1 H NMR (500MHz CDClg) , (mixture 
of diastereomers, mixture of retainers) 6 8.64-8.58 (m) 
7.43-7.30(m), 7.29-7.19 (m), 7.18-7.02 (m) , .6.98-6.94 (m)' , 
6.93-6.87(m), 6 . 86-6. 83 (m) , 6.77-6.73 (m) , 5.73(t), 
S.71( t ), 5.62ft), 5.60(t), 5.41-5. 32 (m) , 5.10-5.05<m) 
4.58-4.52(m), 4.35-4.30(m), 3.94(s), 3.93(s), 3.91( s )' 
3.90(s), 3.88<s), 3.84(s), 3. 83 (s) , 3.78(s), 3.76(s),' 
3.45 (brd), 3.38 (brd), 3.22 (ddd), 3.10 (ddd). 3.06- 
2.92 (m), 2.67-2.53 (m), 2.52-2.48 (m) / 2.42-2.29 (m) , 
2.28-2. ll(m). 2.04-1.94(m), 1.88-1.20 (n) , 1.08-0.98 (m) . 

Compound 102: 1 H NMR (500MHz CDCI3) , (mixture 
of. diastereomers, mixture of rotomers) 6 8.63-8.57 (m) 
7.66-7.60(m), 7.58-7.54 (m) , 7.53-7.47 (m) , 7.41-7 .31 (m) , 
7.27-7. 20(m), 7.19-7.03 (m) , 6.92-6. 70 (m) , 5.80(t), 
5.77(t), 5.67(t), S.61(t), 5.40-5.36 (m) , 5 . 09-5 . 02 (m) , 
4.70-4.52(m), 4.37-4.33 (m) , 3.92(s), 3.9l(s), 3.89(s), 
3.88(8), 3.87(s), 3.86(s), 3.85(s), 3 . 82-3 .77 (m) , 3 48- 
3.40(m), 3.18-3.09(m), 2.98-2.88(m) , 2 .66-2 .42 (m) , 
2.40-2.10(m), 2.04-1.94(m), 1. 89-1 . 62 (m) , 1. 61-1 .18 (m) 
1.14-1.13 (m) . 

Compound 103: NMR (500MHz CDCI3) , (mixture 

of diastereomers, mixture of rotomers) 6 7.76-7.59 (m) 
30 7.50-7.40(m), 7.38-7. 18 (m) , 7.17-7. 05 (m) , 6.53-6. 87 (m)' 

6.77-6.73 (m), 6.18-6.15 (m) , 5.85(t), 5.79(t), 5.20{t), 
5.16(t), 5.41-5.38(m), 5 . 21-5 . 08 (m) , 4.60-4.52 (m) , 
4.37-4.32{m), 3.92(s), 3.91(s), 3.88(s), 3 . 87 (s) , ' 3 . 47- 
3.37(m), 3.17-3.03 (m), 2 .97-2 .91 (m) , 2.64-2.58 (m) , 
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2,57-2. 50(m) , 2.42-2.33 (m) , 2 . 05-1, 95 (m) , 1 . 90-1 . 80 (m) , 
1.79-1.62(111), 1. 61-1. 31(B) , 1.13-1.08(m) . 

Compound 104: 1 H NMR(500MHz CDClg) , (mixture 
of diastereomers, mixture of rotomers) 5 7.47-7.41(m) , 
5 7.37-7.02(m) , 5.78-5.72(m) , 5.18(t) / 5.12 (t) f 5.40- 

5.37(m), 5.10(s), 5.08(5), 5.07(s), 5.05(s), 4.59- 
4.51(m), 4.37-4.31(m) , 3.87(s), 3.85(3), 3.77(s), 
3.73(s), 3.45(brd), 3.37(brd), 3.24(ddd), 3.10(ddd), 
3.02-2.94(m) , 2. 65-2.59 (m) , 2 . 58-2 . 53 (m) , 2.52-2.46(m) , 

10 2.43-2.35(m) , 2.27r2.22(m) , 2 . 21-2 . 15 (m) , 2 . 05-1. 94 (m) , 

1.89-1. 30(m) , l.lO-l.Ol(m) . 

Compound 105: 1 H NMR(500MHz CDCI3) , (mixture 
of diastereomers, mixture of rotomers) 6 8.39(d), 
7.64(q), 7.52(q), 7.43(m), 7. 29-7 . 03 (m) , 5 . 02-4 . 88 (m) , 

15 4.60(q), 4.46(q), 3.62(m), 3 . 52-3 . 38 (m) , 2 . 68-2 . 49 (m) , 

2.31-2.13 (m) , 2.09-1.75(m) , 1. 74-1. 44 (m) , 1 . 29-1 . 16 (m) . 

Compound 106: *K NMR(500MHz CDCI3) , ( sin 9 le 
diastereomer, mixture of rotomers) S 8.43-8.34 (m) , 
7.46(ddt), 7.39(ddt), 7.32(s), 7 . 19-7 . 15 (m) , 5 . 32 (br 

20 d), 5.28(s), 5.04-4.98(m) , 4 . 92-4 . 88 (m) , 4.85(brd), 

3.92(8), 3.90(s), 3.88(8), 3.87(8)-; 3.45(brd), 
3.23(dt), 3.05(dt), 2 . 64-2 . 02 (m) , 2.29(brd), 2.13(br 
d) , 1.82-1. 48 (m) . 

Compound 107: *R NMR(500MHz CDCI3) , (single 

25 diastereomer, mixture of rotomers) 6 7.34-7.23 (m) , 

5. 31 (quintet) , 5.12 (quintet) , 4.74 (dd), 4.69(dd), 
4.52(dq), 4.41(dq), 3.93(s), 3.90(s) f 3.82(s), 3.70(m), 
3.56-3.43(m) , 2.34-1.88(m) . 

Compound 108: 1 H NMR(500MHz CDCI3) , (single 

30 diastereomer, mixture of rotomers) 6 8. 50-8 . 31 (m) , 

7.62(d), 7.57(d), 7.46(d), 7 . 44-7 . 31 (m) , 7.30(s), 
7.19(q), 7.10(q), 5.00(m), 4.80(m), 4.69(m), 4.56(m), 
3.97-3.71(m) , 3 . 61-3 . 43 (m) , 2 . 68-2 . 41 (m) , 2 . 34-2 . 12 (m) , 
2.08-1.84 (m) , 1.83-1.72(m) , 1.71-1. 42 (m) , 1 . 29-1 . 13 (m) . 
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Compound 109: 1 H NMR( 500MHz CDCl 3 ) , (single 
diastereomer, mixture of rotomers) S 8.48-8.32 (m) , 

7.53(dd), 7.47(m), 7.25-7.14(m), 5. 02-4 . 89 (m) , 4.79(m), 
4.49(m), 3. 73-3. 55 (m), 3 .48 (quintet) , 3 . 30 (quintet) , 
2. 69-2. 44 (in), 2.32-1.41(m), 1.32-1.04 (m) , 1.01(a). 

Compound no: NMR(500MHz CDClg) ' (single 
diastereomer, mixture of rotomers) 6 8.63-8.5l(m) , 
8.50-8.31(m), 8.06(b), 7.93-7.85(m) , 7.84-7.76(m) , 
7.69(d), 7.51-7.40(m), 7 . 23-7 . 11 (m) , 7.09(t), 5.32(d), 
5.20(m), 5.08(m), 4.95(m), 4 . 61-4 . 52 (m) , 3.80(m), 
3.61(m), 3.39(t), 3.21(dt), 2.94(dt), 2.74-2.44 (m) , 
2.40(d), 2.31(a), 2.22-2.14 (m) , 2.13-1.91(m) , 1.90- 
1.13(B). 

Compound 110: NMR(500MHz CDCI3) , (single 
diastereomer, mixture of rotomers) 6 8.46-8.36(m) , 
7.61(dd), 7.52 (dd), 7. 50-7. 40 (m) , 7 . 22-7 . 15 (m) , 
6.87(dd), 6.83 (dd), 6.07(s), 6.04 (dd), 5.35(d), 5.10- 
5.06(m), 4.98-4.92(m), 4.6(brd), 4.34(d), 3.4(brd), 
3.15(dt), 2.98(dt), 2.68-2.50(m) , 2.24(br d) , 1.8- 
1.46(b), 1.37-1. 24(B). 

Compound 112: *h NMR(500MHz CDCI3) ' (single 
diastereomer, mixture of rotomers) 6 8.7(d), 8.6(d), 
7.7.-7.6(dd) , 7.45(s), 7.3-7.2(m), 6.9(d), 6.1(d), 
5.3(m), 4.6(d), 4.4(d), 3.45(dd), 3.4-3.3(m), 3.1- 
2.9(m), 2.85-2.8(m), 2.4(dd), 1.97-1. 7(b), 1.6-1.35(m). 

Compound 113: 1 H NMR(500MHz CDCI3) , (single 
diastereomer, mixture of rotomers) 6 8.7(d), 8.6(d), 

8.5(m), 7.7-7.6(dd>, 7.3(s), 7 . 2 (m) , 5.4(d), 5.3(m)' 
4.6(brd), 4.4(brd), 3.95(S), 3.90(s), 3.85(s), 
3.45(dd), 3.3-3.2(dd), 3.1-2.9(m), 2 . 4 (dd) , -1. 95 (s) , 
1.9-1. 7(B), 1.6-1. 35(B). 

Compound 114: NMR(500MHz CDCI3) , (single 
diastereomer, mixture of rotomers) 6 8.49(d), 7.52(q), 
7.31(s), 7.18{s), 7.12-6.99(m), 5.31(d), 4.99(m), 
4.54(d), 3.92-3.7?Im), 3.42(d,br), 3.22(dt), 3.02(dt), 
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2.81-2.62 (m) , 2.60(t), 2.30 (d,br) , 2 . 13 (d) , 1.82- 
1.19 (m). 

Compound 115: 1 H NMR(500MHz CDClg) , (single 
diastereomer, mixture of rotomers) 6 8. 63-8.53 (m) , 
5 7. 43-7. 37(d) , 7.35-7.23 (m) , 7.17(s), 6.56(s), 6.54(s), 

5. 48-5. 42(d) , 5. 41-5. 38(d) , 5.32-5.29 (d) , 5 .20-5 .10 (m)-, 
4.68-4.62 (brd) , 4.32-4.30 (d) , 4.00-3.90 (m) , 3.86(s), 
3.53-3.47 (brd) , 3 .25-3 .20 (dt) , 3 . 05-3 . 00 (dt) , 2.37- 
2.21(brd), 2 .10-2 . 00 (m) , 1.92-1.87 (m) , 1.80-1.70 (m) , 
10 1.69-1.59 (m) , 1.57-1.43 (m) , 1.34-1.15 (m) , 0.97-0.92 (d) , 

0. 85-0. 78(d) , 0. 77-0. 75(d) , 0.66-0.64 (d). 

Compound 116: - 1 H NMR(500MHz CDClg) , (single 
diastereomer, mixture of rotomers) 6 8.65-8.55 (m) , 
7. 42-7. 40(d) , 7. 39-7. 37(d) , 7.33-7.30 (d) , 7.26(s), 
15 7.22(s), 7.10(s) t 6.60(s), 6.42(s), 5 . 42-5 . 40 (d) , 5.39- 

5.37(d), 5. 34-5. 32(d) , 5.16(s), 5 .15-5 .11 (m) , 5.10(s), 
5.07-4.94(q) , 4.60-4.55 (brd) , 4.41-4.39 (brd) , 3.93(s), 
3.84(s), 3.80(s), 3.70(s), 3 .48-3 .43 (brd) , 3.30- 
3.22(dt), 2.96-2.90(dt) , 2.39-2.35 (brd) , 2.29- 
20 2.25(brd), 2. 05-2 . 00 (m) , 1.90-1.75 (m) , 1 . 65- 1. 60 (m) , 

1.59-1.48 (m) , 1.47-1.33 (m) , 0. 95-0. 87 (d) , 0 . 86-0 . 83 (d) , 
0.82-0.78 (d) , 0.73-0.69 (d) . 

Compound 117: 1 H NMR(500MHz CDClg) , (single 
diastereomer, mixture of rotomers) 6 8. 65-8 . 60 (d) , 
25 8.59-8.52 (d) , 7.45-7.39 (d) , 7.38-7.23 (m) , 7.21(s), 

6.67(s), 6.66(s), 5 . 83 -5.79 ( t) , 5 . 78-5 . 75 (t) , 5.74- 
5.63(m), 5.53-5.48 (m) , 5 .45-5 .41 (brd) , 5 .20-5 . 05 (m) , 
5.04(s), 5.01(8), 4.99(s), 4 . 72-4 . 68 (brd) , 4.35- 
4.32(brd), 3.98(s), 3.97(s), 3.93(s), 3.90(s), 3.85(s), 
30 3. 55-3. 48 (brd), 3. 32-3. 24 (dt), 3 . 10-3 . 03 (dt) , 2.70- 

2.62(m), 2.61-2.56 (m) , 2.55-2.45 (m) , 2 .39-2.32 (brd) , 
2.20-2.15 (brd) , 1.97-1.70 (m) , 1. 69-1.60 (m) , 1.59- 
1.47(m), 1.40-1.20 (m) , 0.93-0.90 (m) . 

Compound 118: ^ NMR(500MHz CDClg), (single 
35 diastereomer, mixture of rotomers) 6 8 .66- 8 . 62 (d) , 
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8. 61-8. 59(d) , 7. 46-7. 44(d), 7. 43-7. 40(d), 7.39-7.33 (d) , 
7.31(s), 7.28(s), 7.16(s), 6 . 68 (s) , 6 . 57 (s) , 5.80- 
5.75(t), 5.74-5.67(m) , 5 .43-5 .40 (d) , 5 .20-5 . 05 (m) , 
4.64-4.60 (brd) , 4 .43-4.41 (brd) , 3.96(s), 3.90(s), 
5 3.85(s), 3.78(E), 3.53-3.49 (brd) , 3 .35-3 .28 (dt) , 3.02- 

2.96(brt), 2.70-2.50(m), 2.42-2 .36 (brd) , 2.32- 
2.29 (brd), 1.91-1.78 (m), 1.73-1.68 (brd) , 1.63-1.55 (in) , 
1.50-1.40 (m) . 

Example 13 -- mdr s ens ttt 7. &tion assavg 

10 To assay the ability of the compounds 

according to this invention to increase the 
antiproliferative activity of a drug, cell lines which 
are known to be resistant to a particular drug may be 
used. These cell lines include, but are not limited 
15 to, the L1210, P388D, CHO and MCF7 cell lines. 

Alternatively, resistant cell lines may be developed. 
The cell line is exposed to the drug to which it is 
resistant, or to the test compound; cell viability is 
then measured and compared to the viability of cells 
which are exposed to the drug in the presence of the 
test compound. 

We have carried out assays using L1210 mouse 
leukemia cells transformed with the pHaMDRl/A 
retrovirus carrying a MDRl cDNA, as described by Pastan 
25 et 41., Proc. Natl. Acad. Sri , vol. 85, 4486-4490. 

(1988). The resistant line, labelled L1210VMDRC. 06, 
was obtained from Dr. M. M. Gottesman of the National 
Cancer Institute. These drug- resistant transf ectants 
had been selected by culturing cells in 0; 06-mg/ml 
30 colchicine. 

Multi-drug resistance assays were conducted 
by plating cells (2 x 10 3 , 1 x 10 4 , or 5 x 10 4 
cells/well) in 96 well microti ter plates and exposing 
them to a concentration range of doxorubicin (50 nM-10 
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/zM) in the presence or absence of multi-drug resistance 
modifier compounds ("MDR inhibitors") of this invention 
(1 # 2.5 or 10 pM) as described in Ford et al., Cancer 
Res. , Vol. 50, 1748-1756. (1990) . After culture for 3 
5 days, the viability of cells was quantitated using MTT 
(Mossman) or XTT dyes to assess mitochondrial function. 
All determinations were made in replicates of 4 or .8. 
Also see, Mossman T., J. Immunol. Methods , Vol. 65, 55- 
63 (1983) . 

10 Results were determined by comparison of the 

IC 50 for doxorubicin alone to the IC 50 for doxorubicin + 
MDR inhibitor. An MDR ratio was calculated (IC 50 Dox/ 
IC 50 Dox + Inhibitor) and the integer value used for 
comparison of compound potencies. 

15 In all assays,; compounds according to this 

invention were tested for intrinsic antiproliferative 
or cytotoxic activity. The results are summarized in 
Table 2 below. As demonstrated in Table 2, the 
compounds generally caused <10% cytotoxicity at 

20 concentrations of 10 /zM or greater. 

Compounds of formula (I) have also been 
assayed for MDR sensitization activity with other MDR 
cell lines including several human cell lines (e.g., 
myeloma cells (8226/DOX6, 8226/DOX40, MDR10V, MR 20), 

25 melanoma cells (VCR 4.5, VBL 3.0, COL-1) , GM3639 T 

cells, MCF-7 breast carcinoma, A549 bronchogenic 
adenocarcinoma, LOX melanoma, P388/ADR, and P388 
VMDRC.04), and different chemotherapeutic drugs (e.g., 
doxorubicin, vincristine, vinblastine, taxol, 

30 colchicine, and etoposide) Results similar to those 

shown in Table 2 were obtained in these assays (data 
not shown) , further demonstrating the effectiveness of 
the compounds of this invention in multi-drug 
resistance sensitization. 
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Table 2 



Evaluation of Compounds for p» w ^.i of unnnn,, Km*i*+m n ~ 



^__ J IC S0 IC S0 Dox 1 C 50 Dox MDR MDR MDR 

Cmpd IC5QDOX ♦ + + RatiQ RatiQ Rat . o 

Alone 1 fij 2.S m 10 jM 1 y M 2.5 jiK 10 ^ 

2.25 >i 5 

2 2.7 

3 >15 

10 io i;c;on cic * 

10.4 

3-5 >i2 
18.6 

2 >13 

-- ' uu 90 1.4 - 

J-3 27 lifln oaa ^ ii.i 

*■« 2.6 

10.8 
2 >6 

~u 48 iznn on a 

1.75 14 
7.1 

.1.8 >is 
2.3 e 

25 « 3AU 12.7 

2.25 >i 5 
1.3 > 7 
2-1 3.75 
1.3 4 

•an ,uu <60 2 vi, 

17.1 
3 

3.2 is 



35 



2 


900nM 


400 




<60 


4 


800 


400 




<60 


6 


900 


300 




<60 


e 


800 


500 




100 


10 


6500 




625 




11 


700 


200 




<60 


12 


6500 




350 




15 


800 


400 




■ <60 


21 


1000 


700 




90 


27 


1200 


900 




200 


31 


1300 


900 




500 


43 


6500 




600 




44 


400 


200 




<60 


47 


900 


800 




100 


48 


1400 


800 




100 


49 


5000 




700 




52 


900 


500 




<60 


53 


1600 


700 




200 


54 


6500 




510 


55 


900 


400 




<60 


56 


400 


300 




<60 


64 


1500 


700 




400 


66 


1600 


1300 




400 . 


69 


800 


400 




<60 


84 


6000 




350 




98 


6000 




2000 




105 


9000 


2800 




500 


CsA 


1800 


80 




FK506 


400 


400 




100 



22.5 
1 



While we have described a number of embodiments 
of this invention, it is apparent that our basic 
constructions may be altered to provide other 
embodiments which utilize the products, processes and 
40 methods of this invention. Therefore, it will be 

appreciated that the scope of this invention is to be 
defined by the appended claims, rather than by the 
specific embodiments which have been presented by way 
of example. " 
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CLAIMS 



We claim: 



1. 



A compound of formula (I) : 



o' 




(I) 



wherein A is CH 2 ' oxygen, NH or N- (C1-C4 alkyl) ; 
wherein B and D are independently 

(i) Ar, (CI -CIO) -straight or branched alkyl, 

(C2- CIO) -straight or branched alkenyl or alkynyl, 

(C5-C7) -cycloalkyl substituted ( CI -C6) -straight or 
branched alkyl, (C2-C6) -straight or branched alkenyl or 
alkynyl, (C5-C7) -cycloalkenyl substituted 

( CI -C6) -straight or branched alkyl, (C2-C6) -straight or 
branched alkenyl or alkynyl, or Ar substituted 

( CI -C6) -straight or branched alkyl, (C2-C6) -straight or 
branched alkenyl or alkynyl yherein, in each case, any 
one of the CH 2 groups of said alkyl, alkenyl or alkynyl 
chains may be optionally replaced by a heteroatom 
selected from the group consisting of O, S, SO, S0 2 , N, 
and NR, wherein R is selected from the group consisting 
of hydrogen, ( CI -C4) -straight or branched alkyl, (C2- 
C4) -straight or branched alkenyl or alkynyl, and (Cl- 
C4) bridging alkyl wherein a bridge is formed between 
the nitrogen and a carbon atom of said heteroatom- 
containing chain to form a ring, and wherein" said ring 
is optionally fused to an Ar group; or 
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(ii) 



wherein Q is hydrogen, (CI -C6) -straight or branched 
alkyl or (C2-C6) -straight or branched alkenyl or 
alkynyl ; 

wherein T is Ar or substituted 5-7 membered 
cycloalkyl with substituents at positions .3 and 4 which 
are independently selected from the group consisting of 
oxo, hydrogen, hydroxy 1, O- (C1-C4) -alkyl or 
O- (C2-C4) -alkenyl; 

provided that at least one of B or D is 
independently selected from the group consisting of 
(C2-C10) -straight or branched alkynyl, 
(C5-C7) -cycloalkyl substituted (C2-C6) -straight or 
branched alkynyl, (C5-C7) -cycloalkenyl substituted 
(C2-C6) -straight or branched alkynyl, and Ar 
substituted (C2-C6)- straight or branched alkynyl; 

wherein Ar is a carbocyclic aromatic group selected 
from the group consisting of phenyl, 1-naphthyl, 2- 
naphthyl, indenyl, azulenyl, fluorenyl, and 
anthracenyl; or a 

heterocyclic aromatic group selected from the group 
consisting of 2-furyl, 3-furyl, 2-thienyl, 3-thienyl, 
2-pyridyl, 3-pyridyl, 4-pyridyl, pyrrolyl, oxazolyl,' 
thiazolyl, imidazolyl, pyrazolyl, 2-pyrazolinyl, 
pyrazolidinyl, isoxazolyl, isotiazolyl, 1,2,3- 
oxadiazolyl , 1,2,3- triazolyl ,1,3,4- thiadiazolyl , 
pyridazinyl, pyrimidinyl, pyrazinyl, 1, 3, 5-triazinyl, 
1,3,5-trithianyl, indolizinyl, indolyl, isoindolyl, 3H- 
indolyl, indolinyl, benzo[b] furanyl, 
benzo [b] thiophenyl , 1H- indazolyl , benzimidazolyl , 
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benzthiazolyl, purinyl, 4H-quinolizinyl, quinolinyl, 
isoquinolinyl, cinnolinyl, phthalazinyl , quinazolinyl, 
quinoxalinyl, 1, 8-naphthyridinyl, pteridinyl, 
carbazolyl, acridinyl, phenazinyl, phenothiazinyl, and 
phenoxazinyl; 

wherein Ar may contain one to three substituents 
which are independently selected from the group 
consisting of hydrogen, halogen, hydroxyl, nitro, 
trifluoromethyl, trif luoromethoxy, (CI- C6) -straight or 
branched alkyl, (C2 -C6) -straight or branched alkenyl, 
O- (C1-C4) -straight or branched alkyl, 
O- (C2-C4) -straight or branched alkenyl, O-benzyl, 
O-phenyl, 1, 2 -methyl enedioxy, amino, carboxyl, N- (Cl- 
C5- straight or branched alkyl or alkenyl) carboxamides,. 
N,N-di- (CI- C5- straight or branched alkyl or C2-C5- 
straight or branched alkenyl) carboxamides, 
N - morpho 1 inocarboxamide , N - benzyl carboxami de , 
N-thiombrpholinocarboxamide, N-picolinoylcarboxamide, 
O-X, CH 2 - (CH 2 ) q -X, 0-(CH 2 ) q -X, (CH 2 ) q -.0-X, and CH-CH-X; 
wherein X is 4-methoxyphenyl, 2-pyridyl, 3-pyridyl, 
4-pyridyl, pyrazyl, quinolyl, 3,5-dimethylisoxazoyl, 
isoxazoyl, 2 -methyl thiazoyl, thiazoyl, 2-thienyl, 
3-thienyl, and pyrimidyl, and q is 0-2; 

wherein L is either hydrogen or U; M is either 
oxygen or CH-U, provided that if L is hydrogen, then M 
is CH-U or if M is oxygen, then L is U; 

wherein U is hydrogen, O- (CI- C4) -straight or 
branched alkyl or O- (C2-C4) straight or branched 
alkenyl, (C1-C6) -straight or branched alkyl or 
(C2-C6) -straight or branched alkenyl, 

(C5-C7) -cycloalkyl or (C5-C7) -cycloalkenyl substituted 
with (C1-C4) -straight or branched alkyl or 
(C2-C4) -straight or branched alkenyl, [ (C1-C4) -alkyl or 
(C2-C4) -alkenyl] -Y or Y; 
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wherein Y is a carbocyclic aromatic group selected 
from the group consisting of phenyl, 1-naphthyl, 2- 
naphthyl, indenyl, azulenyl, fluorenyl, and 
anthracenyl; or a 

heterocyclic aromatic groups as defined above; 
wherein Y may contain one to three substituents 
which are independently selected from the group 
consisting of hydrogen, halogen, hydroxyl, nitro, 
trifluoromethyl, trif luoromethoxy, (C1-C6) -straight or 
branched alkyl, (CI -C6) -straight or branched alkenyl, 
O- (C1-C4) -straight or branched alkyl, 
O- (C2-C4) -straight or branched alkenyl, O-benzyl, 
O-phenyl, 1,2-methylenedioxy, amino, and carboxyl; 

wherein J is hydrogen, (C1-C2) alkyl or benzyl; K is 
(C1-C4) -straight or branched alkyl, benzyl or 
cyclohexylmethyl, or wherein J and K may be taken 
together to form a 5-7 membered heterocyclic ring which 
may contain a heteroatom selected from the group 
consisting of O, S, SO and S0 2 ; and 
wherein m is 0-3. 



A compound of formula (I) : 




wherein A is CH 2 , oxygen, NH or N- {C1-C4 alkyl); 

wherein B and D are independently: 

(i) Ar, (CI -CIO) -straight or branched alkyl, 
alkenyl or alkynyl, (C5-C7) -cycloalkyl substituted ' 
(C1-C6) -straight or branched alkyl, alkenyl or alkynyl, 
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(C5-C7) -cycloalkenyl substituted (C1-C6) -straight or 
branched alkyl, alkenyl or alkynyl, or Ar substituted 

( CI -C6) -straight or branched alkyl, alkenyl, or 
alkynyl; wherein, in each case, any one of the CH 2 
groups of said alkyl, alkenyl or alkynyl chains may be 
optionally replaced by a heteroatom selected from the 
group consisting of 0, S, SO and S0 2 ; or 



(ii) 




wherein Q is hydrogen, (CI -C6) -straight or branched 
alkyl or (C2-C6) -straight or branched alkenyl; 

wherein T is Ar or substituted 5-7 membered 
cycloalkyl with substituents at positions 3 and 4 which 
are independently selected from the group consisting of 
oxo, hydrogen, hydroxy 1, 0- (CI- C4) -alkyl, and 
0- (C2-C4) -alkenyl; 

provided that at least one of B or D is 
independently selected from the group consisting of 
(C2 -CIO) -straight or branched alkynyl, 
(C5-C7) -cycloalkyl substituted (C2-C6) -straight or 
branched alkynyl, (C5-C7) -cycloalkenyl substituted 
(C2-C6) -straight or branched alkynyl, and Ar 
substituted (C2 -C6) -straight or branched alkynyl; 

wherein Ar is selected from the group consisting of 
phenyl, l-naphthyl> 2-naphthyl, 2-furyl, 3- fury 1, 
2-thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4rpyridyl, 
and mono and bicyclic heterocyclic ring systems with 
individual ring sizes being 5 or 6 which may contain in 
either or both rings a total of 1-4 heteroatoms 
independently selected from oxygen, nitrogen and 
sulfur; 
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wherein Ar may contain one to three substituents 
which are independently selected from the group 
consisting of hydrogen, halogen, hydroxyl, nitro, 
trifluoromethyl, trif luoromethoxy, (C1-C6) -straight or 
branched alkyl, (C2-C6) -straight or branched alkenyl, 
0- (Cl -C4) -straight or branched alkyl, 
O- (C2-C4) -straight or branched alkenyl, O-benzyl, 
O-phenyl, 1,2-methylenedioxy, amino, carboxyl, N- (Cl- 
C5- straight or branched alkyl or alkenyl) carboxamides, 
N,N-di- (C1-C5- straight or branched alkyl or 
alkenyl) carboxamides, N-morpholinocarboxamide, N- 
benzyl carboxamide , N- thiomorpholinocarboxamide , 
N-picolinoylcarboxamide, O-X, CH 2 - (CH 2 ) q -x, o- (CH 2 ) -x, 
(CH 2 ) q -o-X, and CH=CH-X; wherein X is 4-methoxyphenyl, 
2-pyridyl, 3-pyridyl, 4-pyridyl, pyrazyl, guinolyl, 
3,5- dimethylisoxazoyl , isoxazoyl , 2 -methyl thiazoyl , 
thiazoyl, 2-thienyl, 3-thienyl, and pyrimidyl, and q is 
0-2; 

wherein L is either hydrogen or U and M is either 
oxygen or CH-U, provided that if L is hydrogen, then M 
is CH-U or if M is oxygen then L is U; 

wherein U is; hydrogen, O- (C1-C4) -straight or 
branched alkyl or O- (C1-C4) straight or branched 
alkenyl, (C1-C6) -straight or branched alkyl or 
(C1-C6) -straight or branched alkenyl, 

(C5-C7)-cycloalkyl. or (C5-C7) -cycloalkenyl substituted 
with (C1-C4) -straight or branched alkyl or 
(C2-C4) -straight or branched alkenyl, [ (C1-C4) -alkyl or 
(C2-C4) -alkenyl] -Y or Y; 

wherein Y is selected from the group consisting of 
phenyl, 1-naphthyl, 2-naphthyl, 2-furyl, 3-furyl, 
2-thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 
and mono and bicyclic heterocyclic ring systems with 
individual ring sizes being 5 or 6 which may contain in 
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either or both rings a total of 1-4 heteroatoms 
independently selected from oxygen, nitrogen and 
sulfur; 

wherein Y may contain one to three substituents 
which are independently selected from the group 
consisting of hydrogen, halogen, hydroxyl, nitro, 
trifluoromethyl, trif luoromethoxy, ( Cl -C6) -straight or 
branched alkyl, (C1-C6) -straight or branched alkenyl, 
O- (C1-C4) -straight or branched alkyl, 
O- (C2-C4) -straight or branched alkenyl, O-benzyl, 
O-phenyl, 1,2-methylenedioxy, amino, and carboxyl; 

wherein J is hydrogen (C1-C2) alkyl or benzyl; K is 
(C1-C4) -straight or branched alkyl, benzyl or 
cyclohexylmethyl , or wherein J and K may be taken 
together to form a 5-7 membered heterocyclic ring which 
may contain an O, S, SO or S0 2 substituent therein; and 

wherein m is 0-3. 



wherein A is CH 2 , oxygen, NH or N- (C1-C4 alkyl); 

wherein B and D are independently 

(i) Ar, (C1-C10) -straight or branched alkyl, 
(C2- CIO) -straight or branched alkenyl or alkynyl, 
(C5-C7) -cycloalkyl substituted (C1-C6) -straight or 
branched alkyl, (C2-C6) -straight or branched alkenyl or 
alkynyl, (C5-C7) -cycloalkenyl substituted 
(C1-C6) -straight or branched alkyl, (C2-C6) -straight or 



3. 



A compound of formula (I) : 




(I) 
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branched alkenyl or alkynyl, or Ar substituted 
(CI -C6) -straight or branched alkyl, (C2-C6) -straight or 
branched alkenyl or alkynyl wherein, in each case, any 
one of the CH 2 groups of said alkyl, alkenyl or alkynyl 
chains may be optionally replaced by a heteroatom 
selected from the group consisting of 0, S, SO, S0 2 , N, 
and NR, wherein R is selected from the group consisting 
of hydrogen, ( CI -C4) -straight or branched alkyl, (C2- 
C4) -straight or branched alkenyl or alkynyl, and (Cl- 
C4) bridging alkyl wherein a bridge is formed between 
the nitrogen and a carbon atom of said heteroatom- 
containing chain to form a ring, and wherein said ring 
is optionally fused to an Ar group; or 



(ii) 



wherein Q is hydrogen, (C1-C6) -straight or branched 
alkyl or (C2-C6) -straight or branched alkenyl or 
alkynyl; 

wherein T is Ar or substituted 5-7 membered 
cycloalkyl with substituents at positions 3 and 4 which 
are independently selected from the' group consisting of 
oxo, hydrogen, hydroxyl, 0- (C1-C4) -alkyl and 
0- (C2-C4) -alkenyl; 

provided that at least one of B or D is 
independently selected from the group consisting of 

Ar\ Ar- -substituted (Cl-C6)-straight or branched 

alkyl, and Ar' -substituted (C2-C6) -straight or branched 

alkenyl or alkynyl; 

wherein Ar- is an Ar group substituted with one 
to three substituents which are independently selected 
from the group consisting of N- (straight or branched 
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C1-C5 alkyl or C2-C5 alkenyl) carboxamides , 
N,N-di- (straight or branched C1-C5 alkyl or C2-C5 
alkenyl) carboxamides, N-morpholinocarboxamide, N- 
benzyl carboxamide , N- thiomorpholinocarboxamide , 
N-picolinoylcarboxamide, O-X, CH 2 - (CH 2 ) q -X, 0-{CH 2 ) q -X, 
(CH 2 ) Q -0-X, and CH=CH-X; wherein X is 4 -methoxyphenyl , 
2-pyridyl, 3-pyridyl, 4-pyridyl, pyrazyl, quinolyl, 
3 , 5 -dime thy lisoxazoyl , isoxazoyl , 2 - methyl thiazoyl , 
thiazoyl, 2-thienyl, 3-thienyl, and pyrimidyl, wherein 
g is 0-2; 

wherein Ar is a carbocyclic aromatic group selected 
from the group consisting of phenyl, 1-naphthyl, 2- 
naphthyl, indenyl, azulenyl, fluorenyl, and 
anthracenyl; or a 

heterocyclic aromatic group selected from the group 
consisting of 2-furyl, 3-furyl, 2-thienyl, 3-thienyl, 
2-pyridyl, 3-pyridyl, 4-pyridyl, pyrrolyl, oxazolyl, 
thiazolyl, imidazolyl, pyrazolyl, 2-pyrazolinyl, 
pyrazolidinyl, isoxazolyl, isotiazolyl, 1,2,3- 
oxadiazolyl, 1,2,3-triazolyl, 1,3,4-thiadiazolyl, 
pyridazinyl, pyrimidinyl, pyrazinyl, 1, 3, 5-triazinyl, 
1,3,5-trithianyl, indolizinyl, indolyl, isoindolyl, 3H- 
indolyl , indolinyl , benzo [b] f uranyl , 
benzo [b] thiophenyl , 1H- indazolyl , benzimidazolyl , 
benzthiazolyl, purinyl, 4H-quinolizinyl, quinolinyl, 
isoquinolinyl, cinnolinyl, phthalazinyl, quinazolinyl # 
quinoxal inyl , l , 8 -naphthyridinyl , pteridinyl , 
carbazolyl, acridinyl, phenazinyl, phenothiazinyl, and 
phenoxazinyl ; 

wherein Ar may contain one to three substituents 
which are independently selected from the group 
consisting of hydrogen, halogen, hydroxyl, nitro, 
trifluoromethyl, trifluoromethoxy, (CI -C6) -straight or 
branched alkyl, (C2-C6) -straight or branched alkenyl, 



WO 94/07858 



PCT/US93/09145 



93 



0- (CI -C4) -straight or branched alkyl, 
0-(C2-C4) -straight or branched alkenyl, O-benzyl, 
O-phenyl, 1,2-methylenedioxy, amino, carboxyl, N-(C1- 
CS-straight or branched alkyl or alkenyl) carboxamides . 
N,N-di-(Cl-C5-straight or branched alkyl or C2-C5- 
straight or branched alkenyl ) carboxamides , 
N-morpholinocarboxamide, N- benzyl carboxamide , 
N- thiomorpholinocarboxamide , N-picolinoylcarboxamide 
O-X, CH 2 -(CH 2 ) q -X, 0-(CH 2 ) q -X, (GH 2 ) q -0-X, and CH=CH-X ; 
wherem X is 4 -methoxyphenyl , 2-pyridyl, 3-pyridyl, 
4-pyridyl, pyrazyl, quinolyl, 3,5-dimethylisoxazoyl> 
isoxazoyl, 2 -methyl thiazoyl , thiazoyl , 2-thienyl, 
3-thienyl, and pyrimidyl, and q is 0-2; 

wherein L is either hydrogen or U and M is either 
oxygen or CH-U, provided that if L is hydrogen, then M 
is CH-U or if M is oxygen then L is U; 

wherein U is hydrogen, 0- (C1-C4) -straight or 
branched alkyl or 0-(C2-C4) straight or branched 
alkenyl, (C1-C6) -straight or branched alkyl or 
(C2-C6) -straight or branched alkenyl, 

(C5-C7)-cycloalkyl or (C5-C7) - cycloalkenyl substituted 
with (C1-C4) -straight or branched alkyl or 
(C2-C4) -straight or branched alkenyl, [ (C1-C4) -alkyl or 
(C2-C4) -alkenyl] -y or Y; 

wherein Y is selected from the group consisting of 
phenyl, l-naphthyl, 2-naphthyl, indenyl, azulenyl, 
fluorenyl, anthracenyl, and heterocyclic aromatic' 
groups as defined above; 

where Y may contain one to three substituents which 
are independently selected from the group consisting of 
hydrogen, halogen, hydroxyl, nitro, trif luoromethyl 
trifluoromethoxy, (C1-C6) -straight or branched alkyl, 
(CI -C6) -straight or branched alkenyl, 
0- (Cl -C4) -straight or branched alkyl, 
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0- (C2-C4) -straight or branched alkenyl, 0-benzyl, 
0- phenyl, 1,2-methylenedioxy, amino, and carboxyl; 

wherein J is hydrogen, (C1-C2) alkyl or benzyl; K is 
(C1-C4) -straight or branched alkyl, benzyl or 
cyclohexylmethyl, or wherein J and K may be taken 
together to form a 5-7 membered heterocyclic ring which 
may contain a heteroatom selected from the group 
consisting of O, S, SO and S0 2 ; and 

wherein m is 0-3. 

4. A pharmaceutical composition for treatment 
or prevention of multi-drug resistance comprising a 
pharmaceutical^ effective amount of a compound 
according to any one of claims 1 to 3 and a 
pharmaceutical^ acceptable carrier, adjuvant or 
vehicle. 

5. The pharmaceutical composition according 
to claim 4/ further comprising a chemotherapeutic 
agent. 

6. The pharmaceutical composition according 
to claim 4 or 5, further comprising a chemosensitizer, 
other than the compound according to any one of 
claims 1 to 3. 

7. A method for treating or preventing multi- 
drug resistance in a patient comprising the step of 
administering to said patient a pharmaceutical 
composition comprising a pharmaceutical^ effective 
amount of a compound and a pharmaceutical ly acceptable 
carrier, adjuvant or vehicle, said compound being a 
compound of formula (I) : 
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(I) 



wherein A is CH 2 , oxygen, NH or N- (C1-C4 alkyl); 
wherein B and d are independently: 

(i) hydrogen, Ar, (C1-C10) -straight or 
branched alkyl, (C2- CIO) -straight or branched alkenyl 
or alkynyl/ (C5-C7) -cycloalkyl substituted 
(C1-C6) -straight or branched alkyl, (C2-C6) -straight or 
branched alkenyl or alkynyl, (C5-C7) -cycloalkenyl 
substituted (C1-C6) -straight or branched alkyl, 
(C2-C6) -straight or branched alkenyl or alkynyl, or Ar 
substituted (C1-C6) -straight or branched alkyl, 
(C2-C6) -straight or branched alkenyl or alkynyl 
wherein, in each case, any one of the CH 2 groups of 
said alkyl, alkenyl or alkynyl chains may be optional y 
replaced by a heteroatom selected from the group 
consisting of O, s, SO, S0 2 , N, and NR, wherein R is 
selected from the group consisting of hydrogen, (ci- 
C4) -straight or branched alkyl, (C2-C4) -straight or 
branched alkenyl or alkynyl, and (C1-C4) bridging alkyl 
wherein a bridge is formed between the nitrogen and a 
carbon atom of said heteroatom- containing chain to form 
a ring, and wherein said ring is optionally fused to an 
Ar group; or 
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(ii) 



wherein Q is hydrogen, (C1-C6) -straight or branched 
alkyl or (C2-C6) -straight or branched alkenyl or 
alkynyl ; 

wherein T is Ar or substituted 5-7 membered 
cycloalkyl with substituents at positions 3 and 4 which 
are independently selected from the group consisting of 
oxo, hydrogen, hydroxy 1, 0- (C1-C4) -alkyl , and 
O- ( C2 - C4 ) - alkenyl ; 

wherein Ar is a carbocyclic aromatic group selected 
from the group consisting of phenyl, 1-naphthyl, 2- 
naphthyl, indenyl, azulenyl, fluorenyl, and 

anthracenyl ; or 

a heterocyclic aromatic group selected from the 
group consisting of 2-furyl, 3-furyl, 2-thienyl, 
3-thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl. pyrrolyl, 
oxazolyl, thiazolyl, imidazolyl, pyrazolyl, 2- 
pyrazolinyl, pyrazolidinyl , isoxazolyl, isotiazolyl, 
1,2,3-oxadiazolyl, 1,2,3-triazolyl, 1,3, 4- thiadiazolyl , 
pyridazinyl, pyrimidinyl , pyrazinyl, 1,3,5-triazinyl, 
1,3,5-trithianyl, indolizinyl, indolyl, isoindolyl, 3H- 
indolyl, indolinyl, benzo [b] f uranyl , 
benzo[b]thiophenyl, lH-indazolyl, benzimidazolyl , 
benzthiazolyl, purinyl, 4H-quinolizinyl, quinolinyl, 
isoquinolinyl, cinnolinyl, phthalazinyl , quinazolinyl, 
quinoxalinyl , 1,8- naphthyridiny 1 , pt eridinyr, 
carbazolyl, acridinyl, phenazinyl, phenothiazinyl , and 
phenoxazinyl ; 

wherein Ar may contain one to three substituents 
which are independently selected from the group 
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consisting of hydrogen, halogen, hydroxyl, nitro, 
trifluoromethyl, trif luoromethoxy, (C1-C6) -straight or 
branched alkyl, (C2-C6) -straight or branched alkenyl, 
0- (C1-C4) -straight or branched alkyl, 
0- (C2-C4) -straight or branched alkenyl, O-benzyl, 
0-phenyl, 1, 2 -methyl enedioxy, amino, carboxyl, N- (Cl- 
C5- straight or branched alkyl or alkenyl) carboxamides , 
N,N-di- (CI- C5- straight or branched alkyl or C2-C5- 
straight or branched alkenyl) carboxamides, 
N-morpholinocarboxamide, N- benzyl carboxamide , 
N- thiomorpholinocarboxamide , N-pi colinoyl carboxamide , 
O-X, CH 2 - (CH 2 ) q -X, 0-(CH 2 ) q -X. (CH 2 ) q -0-X, andCH=CH-X; 
wherein X is 4-methoxyphenyl, 2-pyridyl, 3-pyridyl, 
4-pyridyl, pyrazyl, quinolyl, 3, 5-dimethylisoxazoyl, 
isoxazoyl, 2-methylthiazoyl, thiazoyl, 2-thienyl, 
3-thienyl, and pyrimidyl, and q is 0-2; 

wherein L is either hydrogen or U; M is either 
oxygen or CH-U, provided that if L is hydrogen, then M 
is CH-U or if M is oxygen, then L is U; 

wherein U is hydrogen, O- (C1-C4) -straight or 
branched alkyl or O- (C2-C4) straight or branched 
alkenyl, ( CI- C6) -straight or branched alkyl or 
(C2-C6) -straight or branched alkenyl, 

(C5-C7)-cycloalkyl or (C5-C7) -cycloalkenyl substituted 
with (C1-C4) -straight or branched alkyl or 
(C2-C4) -straight or branched alkenyl, [ (C1-C4) -alkyl or 
(C2-C4) -alkenyl] -Y or Y; 

wherein Y is selected from the group consisting of 
phenyl, 1-naphthyl, 2-naphthyl, indenyl, azulenyl, 
fluorenyl, anthracenyl, 2-pyrrolinyl, 3-pyrrolinyl , 
pyrolidinyl, 1, 3-dioxolyl, 2-imidazolinyl, 
imidazolidinyl, 2H-pyranyl, 4H-pyranyl, piperidyl, 1,4- 
dioxanyl, morpholinyl, 1,4-dithianyl, thiomorpholinyl. 
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piperazinyl, quinuclidinyl , and heterocyclic aromatic 
groups as defined above; 

where Y may contain one to three substituents which 
are independently selected from the group consisting of 
hydrogen, halogen, hydroxyl, nitro, trif luoromethyl , 
trifluoromethoxy, ( CI -C6) -straight or branched alkyl, 
{ CI -C6) -straight or branched alkenyl, 
O- (C1-C4) -straight or branched alkyl, 
O- (C2-C4) -straight or branched alkenyl, O- benzyl, 
O- phenyl, 1, 2-methylenedioxy, amino, and carbdxyl; 

wherein J is hydrogen, (C1-C2) alkyl or benzyl; K is 
( CI -C4) -straight or branched alkyl, benzyl or 
cyclohexylmethyl, or wherein J and K may be taken 
together to form a 5-7 membered heterocyclic ring which 
may contain a heteroatom selected from the group 
consisting of 0, S, SO and S0 2 ; and 

wherein m is 0-3, 

8. A method for treating or preventing multi- 
drug resistance in a patient comprising the step of 
administering to said patient a pharmaceutical 
composition comprising a pharmaceutically effective 
amount of a compound and a pharmaceutically acceptable 
carrier, adjuvant or vehicle, said compound being a 
compound of formula (I) : 




L 



wherein A is CH 2 , oxygen, NH or N- (C1-C4 alkyl) ; 
wherein B and D are independently: 
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(i) Ar, (Cl- CIO) -straight or branched alkyl, 
(C2-C10) -straight or branched alkenyl or alkynyl, 

(C5-C7) -cycloalkyl substituted (C1-C6) -straight or 

branched alkyl, alkenyl or alkynyl, 

(C5-C7) -cycloalkenyl substituted (C1-C6) -straight or 
branched alkyl, alkenyl or alkynyl, or Ar substituted 

(C1-C6) -straight or branched alkyl, alkenyl, or alkynyl 
wherein, in each case, any one of the CH 2 groups of 
said alkyl, alkenyl or alkynyl chains may be optionally 
replaced by a heteroatom. selected from the group 
consisting of O, S, SO, S0 2 ; or 

wherein 0 is hydrogen, (C1-C6) -straight or branched 
alkyl or (C1-C6) -straight or branched alkenyl; 

wherein T is Ar or substituted 5-7 membered 
cycloalkyl with substituents at positions 3 and 4 which 
are independently selected from the group consisting of 
oxo, hydrogen, hydroxyl, O- (C1-C4) -alkyl, or 
O- (C1-C4) -alkenyl; 

wherein Ar is selected from the group 
consisting of phenyl, l-naphthyl, 2-naphthyl, 2-furyl, 

3- furyl, 2-thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl,. ' 

4- pyridyl, and mono and bicyclic heterocyclic ring 
systems with individual ring sizes being 5 or 6 which 
may contain in either or both rings a total of 1-4 
heteroatoms independently selected from oxygen, 
nitrogen and sulfur; 

wherein Ar may contain one to three 
substituents which are independently selected from the 
group consisting of hydrogen, halogen, hydroxyl, nitro, 
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trif luoromethyl , trif luoromethoxy , (C1-C6) -straight or 
branched alkyl, (C2-C6) -straight or branched alkenyl, 
O- (CI- C4) -straight or branched alkyl, 
0- (C2-C4) -straight or branched alkenyl, O-benzyl, 
O-phenyl, 1, 2-methylenedioxy, amino, carboxyl, N- (Cl- 
C5- straight or branched alkyl or alkenyl) carboxamides, 
N,N-di- (CI- C5- straight or branched alkyl or 
alkenyl ) carboxamides f N-morpholinocarboxamide # N- 
benzylcarboxamide, N-thiomorpholinocarboxamide, 
N-picolinoylcarboxamide, O-X, CH 2 - (CH 2 ) q -X, O- (CH 2 ) q -X, 
(CH 2 ) q -0-X f and CH=CH-X; wherein X is 4-methoxyphenyl, 
2-pyridyl, 3-pyridyl, 4-pyridyl, pyrazyl, quinolyl, 
3,5- dimethylisoxazoyl , isoxazoyl , 2 -methyl thiazoyl , 
thiazoyl, 2-thienyl, 3-thienyl, and pyrimidyl, and q is 
0-2; 

wherein L is either hydrogen or U and M is 
either oxygen or CH-U, provided that if L is hydrogen, 
then M is CH-U or if M is oxygen then L is U; 

wherein U is hydrogen, O- (C1-C4) -straight or 
branched alkyl or O- (CI- C4) straight or branched 
alkenyl, (CI -C6) -straight or branched alkyl or 
(C1-C6) -straight or branched alkenyl, 

(C5-C7) -cycloalkyl or (C5-C7) -cycloalkenyl substituted 
with ( CI -C4) -straight or branched alkyl or 

( C2 - C4 ) - s t raight or branched alkenyl , [ (C1-C4) - alkyl or 

(C2-C4) -alkenyl] -Y or Y; 

wherein Y is selected from the group consisting 
of phenyl, 1-naphthyl, 2-naphthyl, 2-furyl, 3-furyl, 
2-thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 
and mono and bicyclic heterocyclic ring systems with 
individual ring sizes being 5 or 6 which may contain in 
either or both rings a total of 1-4 heteroatoms 
independently selected from oxygen, nitrogen and 
sulfur; 
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wherein y may contain one to three substituents 
which are independently selected from the group 
consisting of hydrogen, halogen, hydroxyl, nitro, 
trifluoromethyl, trifluoromethoxy, (C1-C6) -straight or 
branched alkyl, (CI -C6) -straight or branched alkenyl, 
O -( CI - C4 )- s traight or branched al kyl , 
O- (C2-C4) -straight or branched alkenyl, O-benzyl, 
O-phenyl, 1,2-methylenedioxy, amino, and carboxyl; 

wherein J is hydrogen (C1-C2) alkyl or benzyl- 
K is (C1-C4) -straight or branched alkyl, benzyl or 
cyclohexylmethyl, or wherein J and K may be taken 
together to form a 5-7 membered heterocyclic ring which 
may contain a heteroatom selected from the group 
consisting of O, S, SO and S0 2 ; and 
wherein m is 0-3. 

9- The method according to claim 7 or 
claim 8, wherein, in formula (l), at least one of B or 
D as independently selected from the group consisting 
of ( C2 - CI 0 ) - straight or branched alkynyl ; 
(C5-C7) -cycloalkyl substituted (C2 -CS) -straight or 

branched alkynyl; (C5-C7) -cycloalkenyl substituted 
(C2-C6) -straight or branched alkynyl; and Ar 

substituted (C2-C6) -straight or branched alkynyl. 

10. The method according to claim 7 or 
claim 8, wherein, in formula (I), at least one of B or 
D xs independently selected from the group consisting 
of Ar-, Ar- -substituted (C1-C6) -straight or branched 
alkyl, and Ar- -substituted (C2-C6) -straight or branched 
alkenyl or alkynyl; 

wherein Ar' is an Ar group substituted with one 
to three substituents which are independently selected 
from the group consisting of n- (straight or branched 
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C1-C5 alkyl or C2-C5 alkenyl) carboxamides , 
N,N-di- (straight or branched C1-C5 alkyl or C2-C5 
alkenyl) carboxamides, N-morpholinocarboxamide, N- 
benzy 1 carboxamide , N - thiomorpholinocarboxamide , 
N-picolinoylcarboxamide, 0-X, CH 2 - (CH 2 ) q -X, 0- (CH 2 ) q -X, 
(CH 2 ) q -0-X, and CH^CH-X; wherein X is 4 -methoxyphenyl , 
2-pyridyl, 3-pyridyl, 4-pyridyl, pyrazyl, guinolyl, 
3,5-dimethylisoxazoyl, isoxazoyl, 2-methylthiazoyl, 
thiazoyl, 2-thienyl, 3-thienyl, and pyrimidyl, wherein 
q is 0-2. 

11. The method according to any one of 
claims 7 to 10 , wherein, in formula (I), J and K are 
taken together to form a 5-7 membered ring. 

12 . The method according to any one of 
claims 7 to 11, wherein, in formula (I) , at least one 
of B or D is independently represented by the formula - 
(CH 2 ) r - (X) - (CH 2 ) S -Ar, wherein: 

r is 0-4; 
s is 0-1; 

Ar is as defined in claim 1; and 

each X is independently selected from the group 
consisting of CH 2 , O, S, SO, S0 2 , N, and NR, wherein R 
is selected from the group consisting of hydrogen, (Cl- 
C4) -straight or branched alkyl, (C2-C4) -straight or , 
branched alkenyl or alkynyl, and (C1-C4) bridging alkyl 
wherein a bridge is formed between the nitrogen atom 
and the Ar group. 

13. The method according to claim 7, wherein 
said compound of formula (I) is selected from the group 
consisting of: 



WO 94/07858 



PCI7US93/09145 



- 103 - 

(S) -1- (2-OXO-2- (3,4,5-trimethoxyphenyl) 
acetyl ) piperidine - 2 - carboxyl ic acid - 4 - pyridin - 3 - yl r i - 
( 3 -pyridin- 3 -yl ) propyl ) butyl ester; 

(R) -1- (2-OXO-2- (3,4,5-trimethoxyphenyl) 
acetyl ) piperidine - 2 - carboxylic acid - 4 -pyridin - 3 - yl - 1 - 
( 3 -pyridin- 3 - yl ) propyl ) butyl ester ; 

pharmaceutical^ acceptable derivatives 
thereof, and mixtures thereof. 

14. The method according to any one of 
claims 7 to 13, wherein the compound is administered 
orally. 

15. The method according to any one of 
claims 7 to 14, wherein the compound is not 
substantially immunosuppressive at the dosage level 
required to cause chemosensitization. 

16. The use of a compound according to any one 
of claims 1 to 3 for treating or preventing multi-drug 
resistance in a patient. 

17. A process for the synthesis of a compound 
of formula (!• ) : 




L 



comprising the steps of: 

(a) esterifying a protected amino acid of 
formula (X) with an alcohol of formula (XI) : 
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(b) deprotecting the amino protecting group in 
the intermediate of formula (XII) to give an amino 
ester of formula (XIII) : 



K B 



and 

(c) acylating the free amino group in the 
compound of formula (XIII) with a compound of formula 
(XIV) : 



(XIV) 



or an activated derivative thereof; 

wherein P is a protecting group and A, B, D, J, 
K, L, and M are defined as in claim 1. 
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18. The process according to claim 17, wherein 
said protecting group is an alkoxycarbonyl group. 
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